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NATIGATION  AND  ASTRONOMY. 

— ♦ — ^ 

intjrodiiotic^iiiL^The  principles  of  Nayigation  rest  almost  entirely  upon  timt  p&rt 
of  Plane  Trigonometry  wbidi  is  limited  to  the  doctrine  of  plane  trkngbs.  A  per&on 
nnac(iuainted  witli  tlie  mathematical  theory  upon  Trtich,  the  practical  rulGH  followed 
by  tho  naTigiitor  are  basedj  would  naturdly  imagine^  as  the  track  of  a  ship  ia  a  path 
marked  out  on  the  surface  of  a  »ph&re^  that  to  calculate,  from  the  necessary  data^  the 
length  of  this  tiac^E,  the  aid  of  Sph^ricul  Trigonometry  would  bo  rccLmrcd^  Butj  in 
generalj  such  is  not  the  ease ;  and,  for  this  reason :— spherical  trigoEonaetiy  is  wholly 
concerned  with  the  arcs  of  great  cirelea  of  the  apherPj  and  with  the  anglea  formed  by 
such  area  ;  whereas  the  conrse  of  a  ship  at  oca,  unless  it  sail  on  the  equator,  or  on  a 
meridian^  is  never  a  great  circle  j— it  ia  either  a  small  circle,  a  parallel  to  the  equator, 
or  el^  aline  cutting  the  suceesaive  meridians  over  which  it  aaib,  obliquely,  and  at  the 
same  invariable  angle,  ao  long  asi  it^  couy&s  remains  unchanged.  A  ship,  continuing  on 
tMs  unchanged  couraei  would  trace  out,  on  the  au3  face  of  the  sphere,  a  Tsinding  or 
spiral  curve,  called  in  narigation  a  rhumb  Une^  and  which  is  widely  different  in  figure 
from  a  circle*  If  a  vcaael  were  to  start  from  any  point  between  the  equator  and  either 
pole,  and  on  a  course  inclined  ever  so  little  towards  that  pole,  it  would  wind  round  tbe 
globe  in  this  spiral  path,  approaching  nearer  and  nearer  to  the  pole,  but  actually 
arriying  at  it  only  after  it  had  oirculattjJ  round  it  an  infinite  number  of  times* 

It  is  the  length  of  a  portion  of  such  a  spiral  line  that  it  ia  one  of  the  objecta  of 
navigation  to  calculate  ;  and  it  is  pretty  obTioua  that  rules  and  formulse,  supplied  by 
ipherteal  trigonomctrfj  can  give  no  aid  La  such  a  caleulation ;  eince  the  latter  scieiiee 
has  nothing  to  do  with  the  spiral  curves  which  veaaels  at  sea  trace  out 
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It  -vrould  seem,  howoYer,  that  theie  spirals  on  a  9pker$y  are  equally  external  to  the 
proper  objects  of  pltm$  trigonometay,  which  recognizes  only  straight  Uncs,  drawn  on  a 
flat  surface.  But  it  must  be  observed  that  navigators  are  not  interested  in  any  investi- 
gations respecting  the  form  or  shape  of  the  spiral  path  of  a  ship ;  but  only  in  its  lengthy 
and  in  the  angle  it  makes  witih  the  meridians  erossed  by  it.  Lengthsj  and  the  angles 
formed  by  them,  are  of  course  the  proper  objects  of  consideration  in  plane  trigonometry ; 
and  some  notion  may,  therefore,  be  fbnned  as  to  how  it  happens  that  a  ship's  course, 
and  distance  sailed,  are  matters  for  investigatian  by  plane  trigonometry,  and  not  by 
spherical  trigonometry.  In  the  latter  subject,  the  fmrm  of  the  lines  concerned  cannot 
possibly  bo  disregarded,  any  more  than  their  lengths;  it  would  not  be  spherical  trigo- 
nometry unless  the  lines  of  which  it  treats  were  all  of  them  portions  of  great  circles  of 
the  same  sphere.  Pkne  trigonometry  regards  loigths  and  an|^  only, — and  these 
alone  are  all  that  navigators  require  to  be  calculated. 

It  is  obvious,  th««lsre,  that  in  order  to  understand  the  science  of  navigatien,  the 
theory  and  practice  of  plane  trigonometry — as  far,  at  least,  as  the  triangle  is  concerned — 
must  be  previously  acquired;  but  modem  books  on  Trigonometry,  with  but  few 
exceptions,  are  very  deficient  in  this  needful  preparatory  instruction;  so  that  it 
becomes  almost  imperative  upon  a  writer  on  navigation,  who  wishes  to  be  clear  and 
intelligible,  to  conduct  his  reader  through  some  amount  of  preliminary  matter  before 
formally  entering  upon  the  special  object  of  his  work.  We  shall  therefore  introduce 
the  subject  by  an  article  on  the  calculation  of  plane  triangles ;  referring  to  the  Treatise 
on  Trigonometry,  in  the  volume  on  the  Mathematical  Sciences,  for  the  necessary 
theoretical  principles ;  except  in  a  few  cases  where  it  may  be  thought  expedient  to 
use  rules  of  operation  not  expressly  provided  for  in  that  work  :  in  such  cases  the  theo- 
retical investigation  will  precede  the  practical  rule. 

But  wo  here  apprise  the  learner  that  it  is  not  our  design  to  print  extensive  col- 
lections of  Tables.  Even  the  most  inexperienced  of  our  readers  must  b^  aware  that 
this  does  not  come  within  the  scope  of  the  Cibcle  of  the  Sciences.  Tables,  more- 
over, require  so  much  care  in  the  composition,  and  such  cautious  and  repeated  revision 
in  order  to  secure  accuracy,  that  the  fcst  edition  of  a  set  of  tables,  of  any  extent,  is 
seldom  regarded  with  implicit  confidence.  "We  shall,  therefore,  content  ourselves,  and 
probably,  at  the  same  time,  the  better  satisfy  the  demands  of  our  readers,  by  referring 
to  tables  which  have  already  stood  the  test  of  long  experience.  There  is  no  doubt, 
however,  that,  to  many  students,  tables,  exclusively  for  the  purpose  of  facilitating  the 
calculations  of  the  practical  seaman,  would  be  regarded  almost  as  an  incumbrance ; 
most  persons  who  read  this  treatise,  will  very  likely  do  so  for  the  sole  purpose  of 
becoming  acquainted  with  the  general  principles  of  a  most  valuable  part  of  practical 
mathematics ;  for  the  solo  purpose  of  learning  in  what  way  a  few  elementary  theories, 
in  pure  mathematics,  are  made  available  for  objects  of  such  commercial  and  national 
importance,  as  the  conducting  a  ship  across  the  ocean  from  one  port  to  another ;  the 
daily  registry  of  its  position  on  the  globe ;  the  determination  of  its  direct  distance  from 
any  preceding  position,  however  irregular  its  actual  course  between  the  two  positions 
,  may  have  been ;  of  its  distance  from  the  equator  at  any  time,  and  from  the  meridian 
of  Greenwich,  &c.,  &c.  These  things  are  well  worth  inquiring  into  even  by  the  non- 
professional student  of  science ;  as  they  give  a  practical  value,  of  the  highest  kind,  to 
what  might  otherwise  seem  to  be  but  barren  speculations, 

Kothing  can  more  forcibly  illustrate  the  importance  of  the  theoretical  principles 
developed  in  the  mathematical  volume  above  referred  to  than  the  application  of  those 
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principles  to  NavigatioA  and  Nautical  Astronomy ;  for,  aided  by  the  Compass  and  the 
Log,  and  by  a  simple  optical  instrument— the  construction  of  which  those  principles 
have  suggested— they  instruct  the  mariner  to  read  aright  the  intcUigenco  of  the  stars — 
those  faithful  finger-posts  of  heaven,  which  direct  him  unerringly  on  his  course  across  a 
vast  and  dreary  expanse,  where  no  human  skill  can  erect  a  signal  to  guide,  or  a  beacon  to 
warn ;  and  where  oven  the  busy  traffic  of  ages  has  left  no  beaten  pathway  behind  it. 

1^  object  of  the  following  treatise  is  to  explain  in  simple  language,  but  in  a 
strictly  scientific  manner,  how  all  this  is  brought  about ;  and  while  it  will  contain 
everything  that  can  be  reasonably  desired  by  the  mathematical  student,  it  will  also 
famish,  to  the  practical  seaman,  the  reasons  on  which  bis  rules  of  calculation  are 
founded,  and  the  principles  on  which  his  tables  are  constructed ;  and  will  thus,  we 
hope,  form  a  useful  accompaniment  to  whatever  book  of  rules  and  tables  he  may  choose 
to  eonsnlt  4n  the  ordinary  exercise  of  his  profession.  It  is  in  the  highest  degree 
desirable  that  persons  engaged  in  a  calling  so  responsible  should  be  enabled  to  judge 
for  themselves  of  the  soundness  and  accuracy  of  the  directions  which  guide  them,  and 
not  deliver  themselves  blindly  up  to  authoritative  rules  :  the  amount  of  matlicmatica^ 
knowledge  necessary  to  convert  their  art  into  a  science  is  really  very  small ;  and  the 
satisfaction  arising  from  knowing  a  thing  as  an  ascertained  truth,  instead  of  rccciviiig 
it  upon  trust,  is  alone  sufficient  to  compensate  for  the  time  expended  on  the  study  of 
it.  Betides,  mere  printed  directions  can  never  suffice  for  unforeseen  emergencies ;  and 
in  no  occupation  are  these  more  likely  to.  arise  than  amidst  the  hazardous  duties  of  the 
sailor's  life.  In  such  circumstances  a  little  science  may  often  be  of  more  avail  than 
volumes  of  prescribed  directions ;  and  even  in  the  ordinary  calculations  which  form 
part  of  the  every-day  routine  on  shipboard,  time  and  figures  are  often  both  thrown 
away  by  tho  unscientific^  mariner,  under  the  impression  that  ho  is  increasing  th» 
accuracy  of  his  work,  when  he  is,  in  reality,  only  encumbering  it  with  errors.  A  very 
meritorious  writer,  Lieut.  Eaper,  justly  remarks,  that  '•^  very  indistinct  and  erroneous 
notions  prevail  among  practical  persons  on  the  subject  of  accuracy  of  computation,  aad 
much  time  is,  in  consequence,  often  lost  in  computing  to  a  degree  of  precision  whc^y 
inconsistent  with  that  of  tho  elements  themselves.  The  more  habit  of  working 
invariably  to  a  useless  precision,  while  it  can  never  advance  the  computer's  knowledge 
of  the  subject,  has  the  unfavourable  tendency  of  deceiving  those  who  ore  not  aware 
of  the  true  nature  of  such  questions  into  the  persuasion  that  a  result  is  always  as 
correct  as  the  computer  chooses  to  make  it ;  and  thus  leads  them  to  place  the  same  con- 
fidence in  an  observations,  provided  only  they  are  worked  to  the  same  degree  of  accuracy."  •  • 
These  are  very  judicious  observations ;  and  Lieut.  Raper  is,  as  far  as  we  know,  tho  only 
person  who  has  drawn  attention,  in  print,  to  this  customary  waste  of  calculation. 

The  tables  which  accompany  books  on  navigation  are,  in  general,  computed  to  an 
extent  of  decimals — usually  six  or  seven  places — much  beyond  what  the  ordinary 
calculations  of  navigation  require ;  and  the  unscientific  seaman  uses  them  aU^  when 
half  the  number  would,  in  most  cases,  be  amply  sufficient ;  his  fault  is  analogous  to 
that  of  the  ill-tanght  schoolboy,  who,  having  to  multiply  together  two  numbers  of  five 
decimals — ^the  final  decimal  of  each  number  being  confessedly  inaccurate — is  at  the 
trouble  of  oompvting  ten  decimals  in  his  product,  and  fancies,  if  there  be  no  error  in 
his  operatioxk,  that  they  are  all  correct,  whereas  five  of  them  at  least  are  wrong,  and, 
therefore,  worse  than  useless. 

•  ••  The  Pnwtiee  of  Navigation  and  Nautical  Astronomy."  By  H.  Eaper,  R.N.,  Secretary  to  the 
Bofml  AstsonsmiQii  Sdeitty*  \ 
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We  shall  now  proceed  to  those  preliminary  matters  which  furnish  the  suitable 
introduction  to  the  different  sailings-— plane  sailing,  parallel  sailing,  middle  latitude 
sailing,  and  Mercator's  sailing. 

On  Logazithms. — Logarithms  are  a  peculiar  kind  of  numbers,  invented  by  Lord 
Napier,  for  the  purpose  of  shortening  the  calculations  by  common  figures,  whenever 
these  calculations  require  the  operations  of  multiplication  or  division,  the  raising  of 
powers,  or  the  extracting  of  roots. 

Logarithms  are  of  great  importance  in  the  computations  of  Navigation  and  Nautical 
Astronomy ;  and  it  was  mainly  for  the  purpose  of  reducing  the  labour  of  such  com- 
putations that  Napier  was  led  to  construct  a  table  of  hgarithms. 

The  peculiar  character,  and  the  practical  use,  of  these  important  numbers  may  be 
briefly  explained  as  follows,  the  principles  of  Algebra,  as  given  in  our  mathematical 
volume,  being  previously  imderstood. 

'    It  is  shown  in  the  treatise  just  referred  to  (see  Algebra,  page  193)  that,  a  being 
any  base^  and  x  and  y  any  exponents, 

o*  X  fl^  =  «*  ^  ",  and  a*  -^-  oJ'  =  a*  -  y, 
and,  moreover,  that  whatever  exponents  m  and  n  may  be,  (a*"  )*»  =:  a*"". 

Now  let  us  suppose  that  any  number  N  could  be  written  in  the  form  a*,  a  being 
some  chosen  number  fixed  upon  as  a  base^  and  x  the  suitable  exponent  to  justify  the 
equation  o*  ==  N ;  thus,  the  base  a  might  be  the  number  2,  or  3,  or  4,  or  any  other 
positive  number  different  from  unity,  and  it  is  plain  that,  whether  we  can  find  it  or 
not,  some  value  exists  for  a?  which  would  satisfy  the  equation  just  written,  whatever 
be  the  positive  number  N.  There  is  no  doubt,  for  instance,  that  a  numerical  value 
for  X  exists  such  that  2*  =  12 :  the  value  of  x  must  evidently  lie  between  3  and  4. 
Again,  the  value  of  a;,  which  satisfies  the  condition  2'  =:  6,  must  evidently  lie  between 
2  and  3.  Now  imagine  two  numbers  thus  represented,  one  of  them  N  by  a*,  and  the 
other  N'  by  a^f  ;  then,  from  the  principles  stated  above,  we  should  have,  by  mul- 
tiplication and  division, 

a'  X  a»,  that  is,  a*  +y  =  NN' ;  and  a*  —  ov,  that  is,  a* - ^  s=  N  -r-  N', 

where  we  see  that  the  multiplication  of  the  two  numbers  N,N'  is  replaced  by  the  simple 

addition  of  the  two  exponents  x  and  y,  in  the  proposed  notation  for  those  numbers,  and 

that  the  division  of  N  by  N'  is  replaced  by  the  simple  subtraction  of  the  exponent  y  from 

the  exponent  x.    The  proper  exponent  z,  to  be  placed  over  the  base  a,  so  that  a'  may 

replace  the  number  NN',  is  therefore  z  =  «  -}-  y ;  and  the  proper  exponent,  for  the 

N 
number  ^7,  is  c  =  «  —  y.    It  appears  from  this,  that  if  a  table  were  constructed  in 

which  the  numbers  1, 2,  3,  &c.,  up  to  the  highest  number  likely  to  occur  in  calculation, 
were  inserted,  and  against  each  number  n  wore  placed  the  proper  exponent  x — ^that  is, 
such  a  value  of  x  that  the  equation  o^  =  n  should,  in  each  case,  be  satisfied— the 
operations  of  multiplication  and  division  might,  by  aid  of  the  table,  be  converted  into 
the  simpler  operations  of  addition  and  subtraction. 

Such  a  table  was  actually  constructed  by  Napier ;  it  was  afterwards  improved  by 
Briggs,  who  found  that  10  was  the  most  convenient  number  to  choose  for  the  base  a  ; 
and  the  tables  constructed  to  this  base,  and  in  which  are  inserted  against  each  number 
A  the  value  of  x  proper  to  satisfy  the  equation  lO'  =:  n,  are  the  modem  UJnUs  of 
logarithms ;— the  exponent  ar,  adapted  to  any  proposed  number  it,  being  called  the 
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logarithm  of  n  ;  80  that  a  table  of  logarithma  is  nothing  more  than  a  table  of  ezponenta-r 
the  base-number,  to  which  each  exponent  is  conceived  to  be  attached,  being  10. 

Por  example,  suppose  we  want  the  logarithm  of  67  : — ^in  other  words,  that  we  require 
the  value  of  the  exponent  j;,  fitted  to  satisfy  the  condition  10*  rs  67,  we  turn  to  the 
tables,  and  find  the  value  to  be  a;  =  1*826076. 

In  like  manner,  if  we  want  the  logarithm  of  58,  or  to  solve  the  equation  10*  =  58, 
wc  find,  from  the  table,  that  x  =  1-763428.  We  therefore  say  that  log  67  =  1  '826075^ 
and  log  58  =  1*763428  ;  which  is  only  another  way  of  expressing  that 

67  =  I0i«»>75^  and  58  =  10i-7«*=8. 
The  product  of  these  numbers  is  67  X  68  =  10ikw5+ 1-768428  .  that  is,  10»-»«»».  The 
quotient  of  the  first  by  the  second  is  67  -r-  58  =  ioismws-i-twaiS;  that  is  10<««'. 
In  other  words,  log  (67  X  58)  =  3*589503,  and  log  (67  -7-  58)  =  '062647.  Turning 
now  to  the  table,  we  find,  against  the  logarithm  3*589503,  the  number  3886,  and  against 
the  logarithm  '062647,  the  number  1*155  . .  . :  we  conclude,  therefore,  without  actually 
performing  the  operation  of  multiplication  or  division,  that 

67  X  58  =  3886,  and  67  -=-  58  =  1165 

And  in  a  similar  way  may  the  product  or  quotient  of  any  two  numbers,  within  the 
limits  of  the  table,  be  found :  for  the  produety  we  add  the  logs  of  the  factors ;  for  the 
quotient^  we  subtract  log  of  divisor  from  log  of  dividend.  The  result,  in  each  case,  is  a 
log,  against  which,  in  the  table,  is  the  product  or  quotient  sought ;  and  in  this  way 
addition  and  subtraction  is  made  to  replace  the  more  lengthy  operations  of  multiplication 
and  division. 

It  must  be  noticed,  however,  that  the  integral  part  of  the  logarithm  or  exponent  is 
not  inserted  in  the  tables-only  the  decttnal  part :  the  insertion  of  the  integral  part,  or 
index,  as  it  is  called,  is  unnecessary,  because  this  index  is  at  once  known  from  inspection 
of  the  number  to  which  the  logarithm  belongs :  thus,  sinco 

100  =  1,  10»  =  10,  102  —  100,  103  =  1000,  10*  =  10000,  &c., 
we  know  that  the  log  of  a  number  between  1  and  10  must  lie  between  0  and  1 ;  we 
know,  therefore,  that  the  index  of  a  positive  number,  anywhere  between  these  limits, 
is  0.  We  see,  also,  that  the  log  of  a  number  between  10  and  100  must  lie  between  1 
and  2  ;  the  index  of  such  a  number  must  therefore  bo  1.  In  like  manner,  since  the  log 
of  a  number  between  100  and  1000  must  lie  between  2  and  3,  wo  know  that  the  index 
of  such  a  number  must  be  2 ;  and  so  on. 

Hence  the  index  of  the  log  of  a  number  consisting  of  but  one  integer — ^however 
many  decimals  may  follow  that  integer — ^is  0 ;  the  index  of  the  log  of  a  number  con- 
sisting of  two  integers,  however  many  decimals  may  foUow,  is  1 ;  of  a  number  consisting 
of  three  integers,  the  index  of  the  log  is  2  ;  of  a  number  consisting  of  four  integers,  the 
index  is  3 ;  and,  generally,  of  a  number  consisting  of  n  integers,  the  index  of  the  log  is 
«— 1. 

We  have,  therefore,  only  to  count  the  figures  in  the  integral  part  of  a  number, 
disregarding  the  decimals,  and  then  to  write  down  for  the  index  of  the  log  of  that 
number  the  figure  denoting  what  was  counted  diminished  by  1 :  to  this  index  the 
proper  decimal  part  of  the  log,  called  the  mantissa,  which  is  famished  by  the  table,  is 
to  be  united,  when  the  complete  log  will  be  exhibited.  Thus,  for  the  numbers  43, 
58,  32'47,  67*813,  &c.,  the  index,  in  each  case,  is  1 ;  for  each  of  the  numbers  246,  835, 
647*29,  158*72,  &c.,  the  index  is  2 ;  and  so  on. 

I^  howerrer,  the  number  proposed  have  no  integral  figures — that  is,  if  it  consist 
wholly  of  decimals — ^then  the  index  of  the  log  will  be  negative.    For  instance,  suppon 
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3*247 
the  nimiber  is  '3247,  we  may  write  it  thus  -y^t-  ;  and,  from  the  principles  already 

•xplaiaed,  the  log  of  the  quotient  thus  indicated  is  log  3-247  —  log  10 ;  thtat  is,  log 

Z-^m  -r  1-     Consequently,  the  index  of  the  log  of  '3247  is  the  index  of  log  3*247 

diminished  by  1 :  but  as  there  is  only  on.e  integer  in  the  number  3*247,  the  index  of  its 

k>g  is  0 ;  therefore  the  index  of  log  '3247  is  —  1.     Suppose  the  number  is  '03247 ;  this 

'8247 
tnajr  be  written  ——-  :  hence  log  -03247  =  log  -3247  —  log  10  ;  that  is,  =  log  *3247 

—  1  :  but  the  index  of  log  '3247,  as  just  shown,  is  —  1 ;  hence  the  index  of  log  '03247 
is  —  2,  Similarly,  the  index  of  log  '003247  is  —  3,  that  of  log  -0003247  is  —  4,  and 
fio  on.  Consequently,  whatever  be  the  number  whose  log  is  required,  we  find  the  index' 
of  that  log  thus  :— 

Count  how  many  places  the  Uading^gure  of  the  number  is  from  the  unit's  place, 
and  put  down  what  is  counted  for  index  :  the  figure  thus  put  down  will  be  plm  if  the 
counting  is  towards  the  right,  and  mintit  if  towards  the  left ;  or  the  rule  is  expressed 
otherwise,  thus : — "  Place  your  pen  between  the  first  and  second  pigube  (not  cipher), 
and  count  one  for  each  figure  or  cipher,  until  you  come  to  the  decimal  point ;  the 
number  this  giyes  will  be  the  index.  If  you  count  to  the  right  the  index  is  positive, 
if  to  the  left  it  is  negative."     (See  Mathematical  Sciences,  page  285). 

The  decimal  part  of  the  log  of  a  number  is  always  found  against  that  number  in 
thfe  table,  which  is  to  be  referred  to  so  soon  as  the  index  is  written  down.  Because  of 
this  ready  way  of  ascertaining  whaj;  the  index  of  the  log  of  a  number .  is,  it  is  not 
aeoeasaiy  to  insert  more  than  the  mantissa,  or  decimal  part  of  the  log,  in  the  tabic  : 
but  it  is  to  be  observed  that  this  decimal  part  is  always  plus.  For  instance,  having  first 
written  down  the  proper  index,  we  find,  on  referring  to  the  table,  that 

log  -3247  =  —  1  +  -611482,  log  -03247  =  —  2  +  -511482,  log  -003247  = 
—  3+ -511482,  &c. 
But  a  more  compact  and  convenient  way  of  writing  these  logs  is  this,  namely : 

log.  -3247  =  r*511482,  log  '03247  =  2*511482,  log  -003247  =  3^511482,  &c. 
And  in  this  form  the  logarithms  of  numbers  less  than  unity — that  is,  of  numbers  of 
which  all  the  figures  are  decimals — are  always  used  in  practice. 

The  logarithmic  operation  for  finding  a  product  from  its  factors  suggests  that  for 
finding  any  power  of  a  known  root,  or  any  root  of  a  known  powor :  thus,  since  n^ 
merely  denotes  the  product  of  p  factors,  each  equal  to  the  number  w,  we  have  log 

n'^p  log  n ;  and  since  if  wJ»  =  r,  we  must  have  n  =  r*,  it  follows  that  log  w  =  ^  log  r, 

and  ponsequently  that  log  r  =    ■      .    "We  thus  ^erivo  the  following  practical  rules 

for  performing  the  more  troublesome  operations  of  arithmetic  in  a  short  and  easy 
BMoiner  by  lielp  of  a  table  of  logarithms. 

1.  Multiplieatiotu — From  the  table  take  the  log  of  each  factor;  add  these  logs 
together :  the  sum  will  bo  the  log  of  the  product  of  the  factors ;  and  against  this  log  in 
ih&  tables  will  be  found  the  product  sought. 

^  DiivUion. — Subtract  the  log  of  the  divisor  from  the  log  of  the  dividend :  the 
remainder  is  the  log  of  the  ^tt^^iW?^.  • 

3.  Powers,  and  Roots. — Multiply  the  log  of  the  number  to  which  the  exponent  is 
attached,  by  that  eacponent,  whether  it  be  integral  or  fractional :  tho  result  will  be  the 
log  of  the  power  or  root. 
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Afltothe  maaiif  which  algebnuito  hsre  devised  for  ooaetmoting  raoh  a  table  m 
thai  here  lefentd  to,  the  student  may  ooniolt  the  seotion  on  Logarithau  and  Series  in 
the  Tdume  on  Thb  Mathsmahoal  ScnnfcBa :  it  has  been  thought  sniBoient,  in  this 
introductory  article,  to  show  the  general  principlos  on  which  tables  of  logs  aia  based, 
wifthont  entering  into  details  as  to  their  actual  formation. 

Om  thm  Sineii  Ooatnasy  Taas^ttta,  Ao.p  of  Anglos.— In  the  yolume  on  the 
Hathemstioal  Sdenecs  (pp.  294-5)  the  trigonometrical  terms,  sine,  cosine,  tangent,  ftc., 
lure  defined  in  two  different  ways.  For  the  purposes  of  nayigation,  the  first  of  taese  ways 
will  bo  found  to  be  the  more  convenient,  as  well  as  the  more  intelligible  to  the  learner. 
Taking  the  diagram  at  page  294,  wc  may  explain  the  lines  there  figured  as  follows.:— 

8ine. — The  sine  of  an  angle  AOB,  or 
of  tho  arc  AB,  whioh  measures  that 
angle,  is  the  straight  line  Bn  drawn 
from  the  extremity  B  of  the  arc,  at  right 
angles  to,  and  terminating  in,  tho  radius 
-  O  A,  drawn  £o  tho  commencement  of  the 
arc 

Cosine. — And  the  cosino  of  tho  some 

anglo.is  the  portion  On  of  the  radius 

_  between  tho  centre  0  and  the  foot  n  of 

the  sine. 

Tangmt, — Hie  tangent  of  the  same  angle  is  the  line  A^,  touching  the  moasnring  wm 

AB  at  its  commencement  A,  and  terminating  in  the  prolonged  radius  drawn  through 

the  extremity  B. 

Seoant. — ^And  this  prolonged  radius,  that  is  the  lino  0/,  is  tho  secant  of  the 
angle  AOB. 

As  A  is  regarded  as  the  origin  or  commencement  of  the  arc  which  measures  the  angle 
AOB^  so  C  is  regarded  as  the  commencement  of  the  complement  of  that  ore ;  that  is,  of 
the  arc  which,  united  to  the  former,  makes  up  a  quadrant  or  90"*.  The  sino,  cosine,  &e., 
of  this  arc  (or  of  the  angle  which  it  measures)  are  the  cosine,  sine,  &c.,  of  the  former, 
as  is  obvious ;  and  the  tan^nt  and  secant  of  tho  latter  arc  colled  the  cotangent  and 
cosecant  of  the  former ;  thus  : — 

CotiMffent.^The  cotangent  of  the  angle  AOB,  or  of  tho  arc  AB  which  measures  it,  is 
the  line  Ctt^  drawn  to  touch  tho  complement  of  that  arc  at  C,  and  terminating  in  the 
secant  O^,  or  in  that  secant  prolonged. 

•Ooaecant.—^And.  Ou,  drawn  from  tho  centre  through  B,  up  to  tho  cotangent,  is  the 
cosecant  of  the  angle  AOlB,  or  of  the  arc  AB. 

The  lines  hero  defined  refer  to  circular  arcs  and  the  angles  which  Ihoy  measure. 

The  sides  OA,  OB  of  the  angle  at  0,  are  each  equal  to  the  radius  of  the  circle  here 

considered :  if  these  sides  or  radii  had  boen  of  any  other  length  no' change  would  have 

taken  place  in  the  angle  at  0 ;  neither  would  any  change  have  taken  place  in  the 

number  of  decrees  contained  .in  the  measuring  arc ;  hut  the  actual  length  of  that  arc 

would  have  varied,  being  longer  than  AB  in  a  circle  of  longer  radius,  and  shorter  than 

j   AB  in  a  circle  of  shorter  radius.     On  this  account  the  sine,  cosine,  &c.,  of  an  arc  arc 

)    not  lines  of  fixed  lengths  for  a  fixed  number  of  degrees :  a  dcp^ec  of  one  circle  is  double 

!   the  length  of  a  degree  of  another  of  only  half  tho  radius  of  tho  former.     Now,  in 

j   trigonometry,  angles  alone',  independently  of  aU  connection  with  their  measuring  arcs. 


S  THE  TRIGONOMETRICAL  LINES. 

are  almost  exclusively  the  subjects  of  consideration ;  and  it  is  therefore  necessary  that 
an  inyariable  angle  should  haye  an  inyariable  sine  and  cosine,  &c.  It  is  agreed,  there* 
fore,  that  the  trigonometrical  sine,  cosine,  &c.,  should  be  estimated  according  to  the 
scale  OA  =  1 :  in  other  words,  that  the  abstract  number  1  being  the  numerical  repre- 
sentative of  the  radius  OA,  the  abstract  numbers,  which,  conformably  to  this  scale,  are 
the  numerical  expressions  for  Bn,  On,  &c.,  should  be  called  the  trigonometrical  sine, 
cosine,  &o.,  of  the  angle  AOB.  The  lines  in  the  preceding  diagram,  considered  as  Hues, 
are  the  geometrical  sine,  cosine,  tangent,  &c.,  of  the  arc  AB,  or  of  the  angle  AOB  to 
radius  OA;  but  viewed  as  merely  linear  representations  of  abstract  numbers,  OA 
denoting  the  abstract  unit,  they  are  the  trigonometrical  sine,  cosine,  tangent,  &c.,  of 
the  angle  AOB. 

It  is  thus  that  the  terms  sine,  cosine,  tangent,  &c.,  as  employed  in  trigonometry,  are 
regarded  as  ratios ;  for  from  what  has  just  been  said, 

Bn 
OA  ;  Bn  : :  1  :  ^-— ,  the  trigonometrical  sine  of  0. 
uA 

OA  :  Ow  : :  1  :  ^ cosine     .     . 

OT 

OA  :  At  ::  I  :  ^,    .     .     .     .     .     .     .  tangent  .     . 

&c.  &c. 

And  generally  any  geometrical  sine,  cosine,  &c.,  divided  by  the  radius  of  the  arc  with 
which  such  sine,  cosine,  &c.,  is  connected,  is  the  trigonometrical  sine,  cosine,  &c.,  of 
the  angle  measured  by  that  arc :  but  in  trigonometry  the  terms  sine  of  an  angle,  cosine 
of  an  angle,  &c. — ^without  any  prefix — are  sufficiently  explicit,  because  when  geome- 
trical lines  are  meant  the  fact  is  always  stated. 

The  learner  will  find  it  an  assistance  to  keep  the  diagram  at  page  7  before  his  mind 
in  investigating  the  relations  among  the  trigonometrical  quantities  now  considered, 
regarding  the  lines  defined  above  as  merely  the  linear  representatives  of  the  abstract 
numbers,  sine,  cosine,  &c.,  the  radius  being  the  representative  of  the  abstract  number  1 ; 
for  he  will  have  the  aid  of  geometry  to  assist  him  in  establishing  the  fundamental 
principles  of  trigonometry.    Thus  from  Euclid,  Prop.  47,  Book  I.,  we  know  that 

Bn«  +  0«2  =  0B2,  0A2  +  Ai^  =  0^,  OC^  +  Cm'  =  Ow', 
so  that  we  have  from  the  first  of  these,  sin'O  +  cos'O  =:  1  ...  (1) 

from'  the  second,  1  +  tan^O  =  sec^O  ...  (2) 

and  from  the  third,  1  +  cot'O  =  cosec'O  ...  (3) 

Also  from  the  property  that  the  sides  about  the  equal  angles  of  equiangular 
triangles  are  proportional  (Euc.  Prop.  4,  B.  VI.),  we  find,  upon  comparing  together  the 
equiangular  right-angled  triangles  BOn,  tOA,  as  also  the  equiangular  right-angled 
triangles  BOm,  «0C,  that 

sinO       tanO  ^,    .  .      .      ^       sinO  ... 

— pr  =  •— r— ,  that  IS,  tan  0  =  — p-     ...  (4) 
cosO  1  cosO 

cos  0 cot  0  ^ cos  0  .^ 

SinU  "^  ~l~*  •  •  •  •    ^^^     —  flinO     '  *  *  ^  ^ 

sinO  1  .    ^  1  f^y. 

■  =: ,  .  .  .    sm  0  = TT  ...  (6) 

1         cosec  0  cosec  O 

COSO  1  ^1  fp.y 

-— —  =: ,  ....    COS  0  =  77    •••(') 

1  secO'  secO  ^  ' 
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These  fundamental  relations  will  soffioe  for  our  present  purpose.    We  learn— 

From  (1),  that  sin  0  =  |/(1  —  cos^O) ;  and  cos  0  =  |/(1  —  sin'O). 
From  (2),  that  sec  0  =  y'Cl  +  tan'O)  ;  and  tan  0  =s  1/(800^0  —  1). 
From  (3),  that  cosec  0  =  t/(l  +  cot^O) ;  and  cot  0  =  ^/(cosec^O  —  1). 

Prom  (4)  (5),  that  tan  0  =  — -7: ;  and  cot  0  =:  - — jr , 
^  -^  ^  "  ootO  tanO 

And  from  (6)  (7),  that  cDscc  0  =    .    ^  ;  and  sec  0  = 77. 

^  '  ^  '*  BinO  cosO 

For  the  more  general  theory  of  the  trigonomctiical  ratios,  the  student  is  referred 
to  the  treatise  on  Tbigoxometby. 

On  the  Tables  of  SineSp  Cosinefl,  Taasents,  Ito. — The  numerical  values 
of  the  trigonometrical  lines  considered  above  are  computed  according  to  the  sciale 
radius  =  1,  and  are  arranged  in  tables  called  tables  of  natural  tines^  cosinesy  &c.  As 
tangents,  cotangents,  secants,  and  cosecants,  may  be  deduced  with  but  little  trouble 
from  sines  and  cosines,  as  shown  above,  and  as,  moreover,  the  iM^tira/ sines,  cosines, 
&c.,  are  seldom  employed  in  navigation,  the  tables  of  these,  which  accompany  books 
on  that  subject,  usually  give  only  the  sines  and  cosines.  But  the  tables  which  furnish 
the  logarithms  of  these,  being  indispensable  in  most  of  the  calculations  performed  by 
the  mariner,  are  always  given  in  a  complete  form,  and  contain  the  logarithmic  sines, 
cosines,  tangents,  cotangents,  and  cosecants  of  all  angles  from  0"  up  to  90°.  In  the 
former  tables  the  numerical  values  of  the  sine  and  cosine  of  every  angle  between 
0**  and  90"  is  less  than  1,  because  the  radius  itself  is  only  1 :  the  logarithms  of  all 
these  sines  and  cosines  would,  therefore,  have  negative  indices  (page  5),  which  is 
an  inconvenience  in  practice.  To  remedy  this,  the  logarithmic  tables  are  computed, 
not  to  the  scale  rad.  =  1,  but  to  the  scale  rad.  =  10^^  which  is  so  large  as  to  preclude 
the  possibility  of  any  logarithm  in  the  tables  requiring  a  negative  index :  in  these 
tables  the  index,  or  integral  part  of  the  log,  is  always  inserted  before  the  decimal  part, 
while  in  the  logs  of  numbers,  as  already  stated,  the  index  is  omitted. 

Now,  in  investigating  the  rules  and  formulae  of  trigonometry,  the  argument  always 
proceeds  on  the  supposition  that  the  numerical  value  of  the  radius  is  1 ;  and  conse- 
quently, in  the  practical  application  of  those  rules  and  forinule,  it  must  be  borne  in 
remembrance,  when  logs  are  used,  that  the  radius  is  taken  10^<*  times  as  great, — 
that  is,  instead  of  the  log  of  a  natural  sine,  cosine,  &c.,  we  employ  in  reality  the  log 
of  10^*  times  that  natural  sine,  cosine,  &c.  For  instance,  if  we  call  any  natural  sine, 
cosine,  &c.,  p,  the  logarithmic  tables  will  give  us,  not  log  j9,  but  log  lO^^p, — that  is, 
log  10»»  +  log  i? ;  or  since  log  10»»  is  lOlog  10  =  10  x  1,  the  tables  will  give  us 
104*  log  P)  so  that  the  log  of  every  natural  sine,  cosine,  &c.,  is  increased  by  10.  In 
order,  therefore,  that  our  practical  results  may  agree  with  our  theoretical  formulae, 
these  superfluous  lO's — introduced  merely  to  avoid  negative  logs — ^must  be  suppressed 
at  the  dose  of  our  operation.  If  in  our  work  as  many  of  these  logarithmic  trigono- 
metrical quantities  are  used  subtractively  as  are  used  additively,  then,  of  course,  as 
the  superfluous  10*8  destroy  one  another,  no  correction  of  the  final  result  becomes 
necessary;  but  if  more  of  these  logs  are  additive  than  subtractive,  as  many  lO's  as 
mark  the  excess  of  additive  over  subtractive  logs  must  be  suppressed  in  the  result ; 
and  if  the  excess  is  in  fiEivour  of  the  subtractive  logs,  so  many  10*s  must  be  introduced. 
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The  suppression  or  the  introduction  of  a  10,  in  anj  amoimt,  is  so  easy  a  matter  that 
the  trouble  attending  it  is  not  worth  consideration,  in  comparison  with  the  adyantages 
gained  by  the  aroidancc  of  logs  with  negative  indices. 

What  has  now  been  said  being  understood,  let  ns  suppose  that,  by  aid  of  the 
algebraic  series  and  formulas  in  our  volume  on  Mathematical  Science,  the  two  sets  of 
trigonometrical  tables  have  been  constructed, — ^namely,  tables  of  natural  sinec^  cosines, 
&c.,  and  tables  of  logarithmic  sines,  cosines,  &o. ;  and  let  us  endeavour  to  see  a  little  into 
the  use  and  advantages  of  what  is  thus  supplied,  in  the  calculations  of  plane  triangles. 

And  first  as  to  the  table  of  natural  sines,  cosines,  &c.  By  referring  to  the  diagram 
at  page  7,  we  see  that  this  table  supplies,  already  computed  for  us,  the  numerical 
lengths  of  the  sides  of  two  similar  right-angled  triangles  0B«,  Of  A,  whatever  be  the 
angle  0,  from  0  rr  0®,  up  to  0  =  90*.  "We  may  be  Jjuite  sure,  therefore,  whatever  be 
the  magnitude  or  shape  of  any  right-angled  triangle  met  with  in  practice,  that  ttro 
triangles,  equiangular  to  it,  will  always  be  found  in  the  table ;  the  sides  of  the  one, 
0B«,  being  computed  to  the  scale  OB,  the  hypotenuse,  t=  1,  and  the  sides  of  the  other 
to  the  same  scale,  the  base  OA,  rr:  1.  The  table  thus  furnishes  us  with  the  perpendi- 
cular and  base  of  every  possible  right-angled  triangle  whose  hypotenuse  is  1,  and  also 
with  the  perpendicular  and  hypotenuse  of  every  possible  right-angled  triangle  whose 
base  is  1. 

Now  the  sides  about  the  equal  angles  of  equiangular  triangles  are  proportional 
(Euc.  Prop.  4,  Book  VI.),  so  that  if  one  side  only  of  a  triangle  be  known,  and  all  the 
sides  of  another,  equiangular  to  it,  be  given,  we  can  compute  the  unknown  sides  of  the 
former  by  simple  proportion.  It  follows,  therefore,  that  if  one  side  only  of  any  right- 
angled  triangle,  with  which  we  may  be  engaged  in  practice,  be  measured,  we  shall  be 
able  to  calculate  each  of  the  other  sides,  in  this  manner,  provided  only  we  know  where 
to  look  for  the  triangle,  equiangular  to  the  proposed  triangle,  in  the  table. 

As  already  observed,  there  are  always  two  such  eqiiiangular  triangles  in  every 
complete  table  of  natural  sines',  cosines,  &c.,  so  that  wo  have  a  choice  as  to  which 
shall  be  compared  with  the  triangle  to  be  calculated ;  but  we  must,  of  course, — take 
whichever  we  may, — ^bc  careful  to  compare  base  with  base,  perpendicular  with  perpen- 
dicular, and  hypotenuse  with  hypotenuse.  The  sides  of  the  two  triangles  OBtt,  Of  A, 
computed  in  the  table,  do  not,  ho^'cver,  go  by  these  names  :  the  base  of  tho  triangle 
0B»  is  called  eosine  of  the  angle  0,  the  perpendicular  is  called  sine  of  the  angle  O,  and 
the  hypotenuse  is  called  radius,  or  1.  Also  tho  base  of  the  similar  triangle  Of  A  is 
radius  or  1,  the  perpendicular  is  tangent  of  the  angle  0,  and  the  hypotenuse  is  secant 
of  the  angle  0  :  the  angle  0,  expressed  in  degrees  and  minutes,  is  thus  a  sufficient 
guide  to  direct  us  to  that  part  of  the  table  where  the  equiangular  triangle  we  are  in 
search  of  is  to  be  found. 

It  is  always  best  to  fix  upon  that  one  of  the  two  tabular  triangles  in  which  the 
unit'-length,  or  radius,  corresponds  to  the  given  side  of  the  triangle  proposed  for  calcu- 
lation.    Thus,  if  the  given  side  be  the  hypotenuse,  we  should  compare  our  triangle 
with  the  tabidar  triangle  OBn,  because  in  this  the  hypotenuse  is  1 ;  w©  should  then 
have  to  compare  the  perpendicular  of  the  proposed  triangle  with  B;i,  that  is  with  sin 
O,  and  the  base  with  On,  that  is  with  cos  O.    For  example,  if  the  angle  equivalent  to 
'    O,  and  the  hjrpotenuse  were  given  to  find  the  perpendicular  and  the  base,  then, 
;    referring  to  the  necessary  particulars,  on  the  page  of  the  table  headed  by  the  de^es 
i    and  minutes  in  the  given  angle,  we  should  be  supplied  with  the  first  thred  terms  of 
I    the  proportion. 
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1  :  tim  O  :  :  giTen  hyp  :  required  perp, 

Consequently  the  required  perp  =    ^^      '"^  -  =  hyp  X  sin  0. 

Also,  1  :  cos  0  ;  :  given  hyp  :  required  base, 

Consequently  the  required  base  s=    ^     =  hyp  X  cos  0. 

■  As  the  first  term  of  each  proportion  is  1,  all  dSrision  is  thus  avoided ;  and  the 
operation  reduced  merely  to  the  multiplication  together  of  two  faetors. 

On  the  other  hand,  if  the  base  were  given  to  find  the  perpendicular  and  hypotenuse, 
the  other  tabular  triangle,  O^A,  would  be  the  better  to  compare  with  the  proposed  one, 
because  the  radius  or  unit-line  hero  is  OA,  the  ba^ty  corresponding  to  the  side  given, 
and  the  proportions  would  be 

1  :  tan  0  :  :  given  base  :  required  perp, 

and  1  :  sec  0  :  :  given  base  :  required  hyp ; 

/.  required  perp  =  base  X  tan  0,  and  required  hyp  =  base  X  «ec  O. 

As  to  the  tables  of  logarithmic  sines,  cosines,  &c.,  little  need  be  said  in  addition  to 
what  has  already  been  stated ;  they  furnish  the  logarithms  of  the  tabular  numbers  in 
the  tabic  of  natural  sines,  cosines,  &o.,  with  the  addition  of  10  to  each  logarithm,  as 
before  explained.  By  using  the  logarithmic  tables,  we  convert  the  multiplication  of 
the  two  factors  adverted  to  above,  into  the  addition  of  the  corresponding  logarithms. 
Sufficient  practical  details  Of  these  operations  will  be  given  in  the  next  article. 

It  may  be  noticed  here,  however,  that  in  what  is  said  above,  as  to  the  assistance 
afforded  by  trigonometrical  tables,  our  observations  have  had  exclusive  reference  to 
righUungled  triangles ;  we  shall  shortly  see  that  they  are  equally  available  for  oblique- 
angled  triangles ;  but  it  will  strike  the  learner  as  a  remarkable  fact  that,  notwith- 
standing the  complicated  character  of  the  curve,  traced  on  the  surface  of  the  globe  by 
the  course  of  a  ship,  all  thQ  calculations  in  reference  to  the  different  sailings,  involve 
only  right-angled  triangles^^e  simplest  kind  of  triangles  with  which  trigonometry 
has  to  deal;  we  shall  therefore  give  a  distinct  article  on  the  calculation  of  the  sides 
and  angles  of  right-angled  triangles. 

To  Calculate  the  Sides  and  Angles  of  Right-angled  Triangles.— The 

sides  and  angles  of  any  triangle  make  up  what  are  called  the  six  parts  of  the  triangle ; 
and  if  any  three  of  these  six  parts,  provided  they  are  not  the  three  angles,  be  given, 
the  remaining  three  can  be  found  by  calculation.  In  a  right-angled  triangle  one  of 
the  six  parts  is  always  known — ^namely,  the  right  angle,  so  that  a  side  and  one  of  the 
acuto  angles,  or  two  sides,  being  measured,  we  can  always  calculate  the  remaining 
parts.  . 

The  reason  that  the  three  angles  alone  will  not  suffice  for  the  determination  of  the 
other  three  parts— the  three  sides — is  obvious  from  the  simplest  principles  of  geometry ; 
for  all  ^idangular  triangles  are  alike,  as  respects  the  equality  of  the  angles,  so  that, 
from  the  angles  alone,  we  could  not  conclude  to  which  one,  out  of  an  infinite  variety 
of  similar  triangles,  the  proposed  angles  are  considered  to  belong,  for  they  belong  in 
reality  equally  tb  all. 

In  a  right-angled  triangle  the  given  parts  must  therefor©  be  either : — 

1.  A  side  and  one  of  the  acute  angles,  or 

2.  Two  of  the  sides,  to  find  the  remaining  parts.         .;-.'. 
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I.  WTien  the  JSypotenuae  and  one  of  the  AetUe  Angles  are  given. 
Let  the  hypotenuse  AB,  and  the  angle  *A  be  given ;  then  turning  to  the  diagram  at 
page  7  we  shoiJd  compare  the  given  side  AB, 
with  the  radius  OB,  as  directed  above ;  so  that 
OBn  would  be  the  tabular  triangle  equiangular 
to  the  triangle  ABC.  And,  therefore,  if  e  denote 
■the  numerical  length  of  AB,  since  the  numerical 
length  of  OB  is  1,  AB  =;  OB  X  e ;  consequently, 
a  and  b  being  the  numerical  lengths  of  BC,  and 
AC,  we  have,  since  the  like  sides  are  propor- 
tional, 

BC  =  B»  X  c,  and  AC  =  On  X  e, 
that  is, 

a  =  0  sin  A,  and  b  =•.  e  cos  A. 
Hence  the  following  rule  : — 

EuL£. — Multiply  the  given  hypotenuse  by  the  sine  of  the  angle  at  the  base ;  the 
product  is  the  perpendicular.  Multiply  the  given  hypo- 
tenuse by  the  cosine  of  the  angle  at  the  base  :  the  product 
is  the  base. 

Or  work  by  the  following  formula, 
perp  B  hyp  x  sin  ang  at  base ;  base  =  hyp  X  cos  ang  at 

base, 
which  by  logarithms  will  be, 

log  perp  =s  log  hyp  +  log  sin  ang  at  base  —  10 ; 
log  base  =  log  hyp  +  log  cos  ang  at  base  —  10. 
Example  1. — ^In  the  right-angled  triangle  ABC  are  given 
AB  =  480  feet,  and  the  angle  A  ==  53°  6' ;  required  the 
perpendicular  BC,  and  the  base  AC. 

1.   To  find  the  perpendicular  BC. 


Without  logarithms. 
BC  =  AB  sin  A. 

Sin  A,  53°  5',  =  '7995 
AB  =       480 


639600 
31980 

BC  =  383-7600 


With  logarithms. 
Log  BC  ==  log  AB  +  log  sin  A  —  10. 

—  10 
Log  AB  =  log  480  =    2-6812 
Log  sin  A,  53°  5',  =    9-9028 

Log  BC=  log  383-8=    2-5840 


Hence  BC  is  383*8  feet. 


2.    To  find  the  base  AC. 


AC  =  AB  cos  A. 

Cos  A,  53°  5',  =  -6006 
AB=       480 


480480 
24024 

AC  =  288-2880 


Log  AC  =  log  AB  +  log  cos  A  —  10. 

—  10 
Log  AB  =  log  480  =    2-6812 
Log  cos  A,  63°  5',  =    9-7786 

LogAC  =  log  288-3=    2-4598 


Hence  AC  is  288*3  feet. 


SOLUTION  OF  BIOHT->ANOLBI)  T&IAN0LB8.  13 

In  solving  the  preceding  example  we  have  taken  only /our  places  of  decimals  from 
the  tables ;  this  is  a  number  quite  sufficient  for  all  the  ordinary  purposes  of  navigation, 
and  it  will  be  remembered  that  the  present  introductory  artido  is  only  preparatory  to 
the  discussion  of  that  subject 

If,  instead  of  the  angle  A  at  the  base,  the  angle  B  at  the  vertex  had  been  given, 
the  operation  would  have  been  much  the  same  as  that  above ;  for,  since  A  =:  90°  —  B, 
sin  A  =  cos  B ;  and  cos  A  =:  sin  B,  because  the  sine  and  cosine  of  an  angle  are 
respectively  the  same  a^  the  cosine  and  sine  of  the  eomplement  of  that  angle ;  so  that 
where  we  havb  used  above  sin  A,  wo  should  have  used  its  equal  cos  B ;  and  where  wo 
have  used  cos  A  we  should  have  substituted  its  equal  sin  B.  This  must  be  observed 
in  solving  the  last  three  of  the  following  examples. 

2.  In  the  triangle  ABC  (last  figure)  are  given 

AB  =  291,  angle  A  =  47**  55',  to  find  AC,  BC. 
Ans.  AC  =  195,  BC  =  216. 

3.  Given  AB  =  480,  angle  A  =  53°  8',  to  find  AC,  BC. 

Ans.  AC  =  288,  BC  =  384, 

4.  Given  AB  =  621,  angle  B  =  36°  6',  to  find  AC,  BC. 

Ans.  AC  =  307,  BC  =  421. 

5.  Given  AB  =  645,  angle  B  =  50°  60',  to  find  AC,  BC. 

Ans.  AC  =  500,  BC  =  4074. 

6.  Given  AB  =  98,  angle  B  =  33°  12',  to  find  AC,  BC. 

Ans.  AC  =  53-66,  BC  =  8201. 

II. — When  the  base  or  perpendicular^  and  one  of  the  acute  angles  are  given. 

Let  the  base  AC,  and  the  angle  A  be  given :  then,  referring  to  the  diagram  at  page 
7,  we  are  to  compare  the  given  side  AC  with  the  radius,  or  unit-line,  DA;  so  that 
O^A  is  the  tabular  triangle  now  to  be  referred  to.  As  AC  is  h  times  DA,  therefore, 
because  the  proposed  and  tabular  triangles  are  equiangular,  BC  must  bo  b  times  Ai,  and 
AB  b  times  0^ ;  that  is, 

a  ^  b  tan  A,  and  ^  =  ^  sec  A* 

Hence  the  following  rule  : — 

BuLE. — ^Multiply  the  given  base  by  the  tangent  of  the  angle  at  the  base :  the  pro- 
duct will  bo  the  perpendicular.  Multiply  the  given  base  by  the  secant  of  the  angle  at 
the  base  :  the  product  will  be  the  hypotenuse. 

In  a  right-angled  triangle  either  of  the  two  perpendicular  sides  may  be  regarded  as 
the  base,  and  the  other  as  the  perpendicular ;  so  that  two  distinct  rules  would  be 
unnecessary.  And  as  in  the  former  case,  when  the  vertical  angle  B  is  given  instead  of 
the  base  angle  A,  the  former  may  take  the  place  of  the  latter  in  the  operation,  provided 
only  thai;  we  write  cotan  for  tan,  and  cosec  for  sec. 

But,  as  already  observed  at  page  9,  the  tables  of  natural  sines  and  cosines,  which 
accompany  books  on  navigation,  do  not,  in  general,  furnish  the  natural  tangents  and 
secants ;  so  that,  if  this  table  be  employed  in  the  work,  we  must  make  use  of  the  rela- 
tions established  at  page  8,  namely, 

.       .       sinA  .1  .      «       cos  B  ^         1 

*wx  ^  =  iizrT'i  we  A  =  — r ;  cotan  B  =  -r— ^,  cosec  B  s=s  -t— t^. 
cos  A '  cos  A'  sin  B'  sm  B 
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SOLUTION  OP  RIOHT-ANGLED  TRIANGLES. 


The  working  formulse  for  the  present  case  are  as  follows : 

perp  r=  base  X  tan  ang  at  base ;  hyp  =  base  X  sec  ang  at  base. 

Or,  by  logarithms, 

log  perp  =  log  base  -|-  log  tan  ang  at  base  —  10 ; 

log  hyp  =  log  base  +  log  sec  ang  at  base  —  10. 

The  first  of  these  formnlse,  if  the  table  referred  to  be  limited  to  natural  sines  and 

cosines  only,  must  be  replaced  by 

base  X  sin  ang  at  base    ^ base 

perp.  =-    • 


cos  ang  at  base 
agreeably  to  the  relations  given  above. 


-;  hyp.  = 


cos  ang  at  base' 


1.  In  the  right-angled  trian^e  ABC,  at  page  12,  are  given  the  base  AC  =±  327, 
and  the  angle  A  =:  54"  17' :  requixed  the  perpendicular  BC,  and  the  hypotenuse  AB. 

1.'  To  Jind  th$  petyendicular  BC. 


Without  logarithms. 

cos  A 

sin  A,  54^  17',  =  '8119 

AC  =     327 


56833         (See  the 

16238  remarks 

24357  atp.l8). 

cos  54''  17'  =  •6838)265^4913(454-8  =  BC 


With  logarithms, 
log  BC  =  log  AC  +  log  tan  A  —  10. 
—  10 

AC  =  327 2-5145 

tan  A,  54°  17' ...     .  10-1433 


log  BC,  454-8  .... 
Hence  BC  =«  4548 


2-6578 


2.  To  Jind  the  hypotenuse  AB. 


AB  =  . 


AC 


cos  A 

•58,3,8)  327  (560  =  AB 
2919 

~35i 
350 


log  AB  =  log  AC  +  log  sec  A  —  10. 
—  10 

AC  =  327 2-5145 

sec  A,  54°  ir  .     .     .     .  102338 

AB,  560 2  7483 


The  logarithmic  operatiaa  might  have  been  performed  as  readily  by  using  the 
formula  for  AB,  on  the  left,  which  gives 

log  AB  =  log  AC  —  log  cos  A  +  10. 
The  work  by  this  formula  wiU  be  as  follows  : 


AC  =  827    . 
cos  A,  54°  17' 

AB=:560    . 


10 

.      2-6146 
.  -9T6«2 


2-7483 


2.  In  the  triangle  ABC,  page  12,  are  given  AC  =  19^5,  and  the  angle  A  =  470°  5G'y 
to  £ud  BC  and  AB,  ■    Ans.  BC  =  216,  AB  =  291. 
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3.  Given  AC  =  288,  and  the  angle  A  =  53'  8',  to  find  BC  and  AB. 

Ans.  BC  =  384,  AB  =  480. 

4.  Given  AC  =  421,  and  the  angle  A  =  36'  C,  to  find  BC  and  AB. 

Ans.  BC  =  307,  AB  =  521. 

5.  Given  AC  =  626,  and  the  angle  B  =  4V  16',  to  find  BC  and  AB. 

Ans.  BC  =  713,  AB  =  948. 

6.  Given  the  base  of  a  right-angled  triangle  34C},  and  the  opposite  angle  64"  36' : 
required  the  perpendicular  and  hypotenuse. 

Am.  Perp.  2462,  Hyp.  4251. 

III.   TThen  the  ht/poUnuse  atid  ofte  of  the  other  sides  are  given. 

Let  the  hypotenuse  AB,  and  the  perpendicular  BC  bo  given  ;  then  comparing  AB 
with  the  radius  or  imit  line  OB  in  the  diagram  at  page  7,  the  tabular  triangle  0B»  will 
be  that  to  which  the  proposed  triangle  is  to  bo  compared :  and  since  AB  is  c  times  OB, 
therefore  BC  is  o  times  Bn ;  that  is  to  say, 

a  =  BC  =  c  sin  A,  therefore  sin  A  =  -  . 
.  '  e 

If  the  base  were  given  instead  of  the  perpendicular,  then  we  should  have 
i  =:  AC  =  c  cos  A,  therefore  cos  A  =  -. 

The  mie  ia  therefore  as  follows  :-* 

Rule. — Divide  the  perpendicular  by  the  hypotenuse :  the  quotient  will  be  the  sine 
of  the  angle  at  the  base.  Divide  the  base  by  the  hypotenuse ;  the  quotient  will  be  the 
cosine  of  the  angle  at  the  base. 

An  angle  being  thus  determined,  the  remaining  side  of  the  triangle  may  be  found 
by  either  of  the  preceding  rules.  Or,  without  first  finding  an  angle,  the  third  side  of 
any  right-angled  triangle  may  bo  determined  from  the  other  two,  by  tho  47th  of 
Book  I.  of  Euclid ;  for  since  <)8  =  «=  +  *^ ;  .*.  «'  =  (?«  —  'h\  and  J^  =  <?^  —  a\  The 
working  formula)  for  finding  tho  angles,  when  the  hypotenuse  and  a  side  are  given,  are 

sin  ang  at  base  =  ^-? ;  cos  ang  at  base  =  r — . 

()r,  by  logarithms, 

log  sin  ang  at  base  =:  log  perp  —  log  hyp  -f-  10  ; 
log  cos  ang  at  base  =  log  base  —  log  hyp  +  10. 

Examples. 

1.  In  tho  right-angled  triangle  ABC,  page  12,  are  given  the  hypotenuse  AB  =  480, 
and  tho  perpendicular  BC  =  384,  to  find  the  angles  A,  B,  and  tiie  base  AC 

1.  Tojind  the  angles  A,  B. 


Without  logarithms. 

.     .        BC 

8inA=^. 

480)384(-8  =  sin  63^  8* 
384 


With  logajithms. 

log  sin  A  =  log  BC  —  log  AB  +  10 

10 

BC,  384  ....     2-5843 

AB,  480  .        ,        .        .  -2-6812 


\ 


sin  A,  53' 8'    .        .        ,    0-^O^V 
0oaaeq9eBajrA=rS3'8\  :,  B  sr  90*»  —  63*  ST  =  %^  m\  \ 
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2.  To  Jind  the  base  AC. 


AC  =  AB  cos  A 

cos  A,  53'*  8',  =  -6 

.-.  480  X  -6  =  288  =  AC 

AC  is  thus  determined  with,  very  little 
trouble. 


log  AC  =  log  AB  +  log  cos  A  —  10 

—  10 
AB,  480  .        .         .         .     2-6812 
cos  A,  53°  8'     .        .         .     9-7781 


AC,  288  . 


2-4593 


To  find  the  base  without  the  aid  of  the  angle,  we  have 

AC3  =  AB2  —  BC2  =  (AB  +  BC)  (AB  —  BC)  =  864  X  96  =  82944 

82944  (288  ;  or  by  logs,       log  864  =  2-9365 
4  log  96    =1-9823 


48)429 
384 

568)4544 
4544 


2)4-9188 
log  288  =  2-4594 


ZJt 


Consequently  AC  =  288.  The  sum  of  the  two  logs  on  the  right  is  divided  by  2, 
because  the  half  of  the  log  of  a  number  is  the  log  of  the  square  root  of  that  number 
(see  page  6). 

2.  Given  the  hypotenuse  AB  =  237,  and  the  perpendicular  BC  =  197,  to  find  the 
angles  and  the  base.  Ans.  A  =  56"  13',  B  =  33''  47',  Base  =  132. 

3.  Given  the  hypotenuse  AB  =  645,  and  the  perpendicular  BC  =  407*4,  to  find 
the  angles  and  the  base.  Ans.  A  =  39°  10',  B  =  50°  50',  Base  =  600. 

3.  Given  the  hypotenuse  AB  =  400,  and  the  base  AC  ==  236,  to  find  the  angles 
and  the  perpendicular.  Ans.  A  =  53°  51',  B  =  36°  9',  Perp  =  323. 

4.  Given  the  hypotenuse  AB  =:  54-68,  and  the  base  AC  =  35*5,  to  find  the  angles 
and  the  perpendicular.  Ans.  A  =  49°  31',  B  =  40°  29',  Perp  =  41-6. 

5.  GivcD  the  hypotenuse  of  a  right-angled  triangle  =  779*8,  and  the  perpen- 
dicular =:  725,  to  find  the  vertical  angle  and  the  base. 

Ans.  21°  36',  and  287*1. 

6.  Given  the  hypotenuse  =  780-6,  and  the  base  =  607*6,  to  find  the  angle  at  the 
base,  and  the  perpendicular.         Ans.  38°  53',  and  490. 

IV.   When  the  base  and  perpendicular  are  given. 

The  base  AC  rr  5,  and  the  perpendicular  BC  =  a  being  given,  we  are  to  compare 
the  triangle  with  the  tabular  triangle  0A<,  of  which  the  base  OA  =  1 :  we  thus  have 
BC  r=  6  times  A^,  that  is 

az=.b  tan  A  /.  tan  A  =  ^. 

0 

Consequently  the  rule  for  finding  the  angle  A  at  the  base  is  as  follows  :— 

KuLB.— Divide  the  perpendicular  by  the  base  :  the  quotient  will  be  the  tangent  of 
the  angle  at  the  base.  Or,  divide  the  base  by  the  perpendicular :  the  quotient  wiU  be 
tie  tangent  of  the  angle  at  the  vertex.     The  hypotenuse  may  be  found  without 
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first  finding  the  angles  by  Euclid  47th  of  Book  I. :  thus  c^  =  o'  +  A^.    The  formula) 
for  finding  either  angle  is  therefore 

ton  ang  at  base  =s  ^     ■  I  ton  ong  at  yertex  :=  —  ® 
^  base'  °  perp 

Or,  by  logarithms, 

log  tan  ang  at  base  =  log  perp  —  log  base  +  10 ; 
log  tan  ang  at  vertex  =:  log  base  —  log  perp  -f  10. 

EXAMPLB8. 

1.  In  the  right-angled  triangle  ABC,  page  12,  are  given  the  base  AC  =  288,  and 
the  perpendicular  BC  =  384,  to  find  the  angles  and  the  hypotenuse. 


1.  ToJindtheangletAyB. 


Without  logarithms. 
BC 


tan  A  = 


AC 


288)384(1-3333  .  .  .  =tanA,63°  8'. 
288 

~96 
864 


96 


With  logarithms, 
log  tan  A  =  log  BC  —  log  AC  +  10. 
10 

BC,  384 2-5843 

AC,  288      ....     -  2-4694 

tan  A,  53°  8'    .    . 


10-1249 


;.  A  =  53"  8',  and  B  =;  OO**  -  A  =  36"  52'. 
2.  To  find  tJu  hypotenuse  IlQ, 


AB  =  |/  (AC2  +  BC2) 
2882=   82944 
3843=  147456 

230400(480  =  AB 
16 

88^704 
704 


AB  =  AC  sec  A. 
.  log  AB  =  log  AC  +  log  sec  A  —  10. 
—  10 

AC,  288 2-4594 

see  A,  53°  8'  .    .     .     .  10-2219 


00 


AB,  480 2-6813 


In  the  foregoing  example  a  table  of  natural  tangents  and  secants  is  necessary  to 
enable  us  to  find  the  required  parts  without  logarithms,  and  in  the  shortest  manner ; 
tan  A  being  determined  as  above,  and  then  AB  from  the  formula  AC  sec  A. 

In  all  works  on  Navigation,  as  also  in  most  books  on  Trigonometry,  the  calculation 
of  the  several  cases  of  right-angled  triangles  is  performed  exclusively  by  logarithms : 
the  learner  will  perceive,  from  the  iUustrationa  furnished  above,  that,  in  general,  the 
work  is  more  expeditious  without  logarithms  than  with  them ;  and  that  it  would  bo  of 
advantage  to  the  practical  navigator  if  tables  more  comprehensive  than  those  generally 
given — that  is,  tables  including  the  natural  tangents  and  secants — were  bound  up  with 
books  on  navigation.  As  the  preceding  examples  show,  a  single  reference  to  such  a 
table  suffices  for  the  discovery  of  the  imknown  part ;  whereas  three  references  to  the 
logarithmic  tables  are  necessary.  In  the  latter  mode  of  working,  fewer  figures  may 
appear  on  the  paper,  but  the  time  occupied  in  two  searchings  in  the  table,  out  of  three,  ^ 
is  saved ;  and,  in  operations  of  this  kind,  referring  to  tables,  and.  tc«xieie,r^\ii^  'Otv^  \ 
ilgores,  constitutQ  the  pmcipal  part  of  the  trouble.  \ 
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The  greatest  amount  of  arithmetkal  work  mTolTed  in  any  of  the    preceding 

solutions  occurs  in  the  example  a|:  page  14 ;  but 

the  multiplication  and  diyision  operations  tlwre  sin  54Mr  =  81 19 

indicated,  according  to  the  common  beaten  trad:,  " 

may  be  pruned  of  many  superfluous  figures  by  24357 

using  the  eontraeUd  methods:  thus,  to  multiply  1624 

-8119  by  327,  in  the  riiortest  way,  without  secri-  o68 

ficing  accuracy  in  the  result,  write  the  figures  of  ,^^  ,^.         -«««x««^  .«,.-^  o 

JT^  1X--  I-  «j     *v       •«»*        ;i       1       cos  54^  17'  =  •5838)265-49(4o4-8 

the  multiplier  m  reverse  order  thus,  723  ;  and  mul-  '  23352 

tiply  as  in  the  margin,  rejecting  &am  the  mnl-  

tiplicand  a  figure  at  erery  step,  after  tiie  first,  ^ut  3197 

attending  to  the  eorrym^xfirom  the  rejected  figures.  2919 

And   similarly  for  contracted  division,    as  exem- 
plified  at  the  page  referred  to,  and  again  here  in  033 

thfr  margin.      It  will  be  observed,  however,  that  

the  whole  of  the  division  part  of  this  work  would  45 

have  been  saved  if  tan  54"*  17*  had  been  su^died  ^ 

by  the  tables :  the  entire  work  would  then  have 
stood  as  here  annexed. 

__  A  person  but  moderately  expert  in  the  simple  operations 

tan  64   17^  —  1*3908    ^^  arithmetic  could  execute  the  work  in  the  margin  in  less 

time  than  it  would  take  to  refer  to  the  l(^arithmic  tables,  and 

41724    to  transcribe  there£rom  a  single  number.      And  then    the 

2782    numerical  process,  being  placed  permanently  before  the  eye, 

^*    is  very  easily  revised  if  error  be  suspected.    These  obvious 

PP "TITIoA    *^^^u^t*gcs  are  of  sufficient  importance  to  justify  the  entire 

abandonment  of  Ic^arithms  in  those  calcidations  of  Navi- 
gation—and they  include  nearly  ill— m  wMch  right-angled 
triangles  only  are  concerned.  When  oblique-angled  triangles  are  the  subjects  of 
computation,. the  case  is  different;  as  the  logarithmic  operation  has  then,  with  few 
exceptions,  the  advantage  over  that  with  the  natural  numbers,  as  will  be  sufiicientlv 
seen  in  the  next  article. 

2.  In  the  right-angled  triangle  ABC,  are  given  the  base  AC  =  101*9,  and  the 
perpendicular  BC  =  195*4,  to  find  the  angles  and  the  hypotenuse. 

Ans.  A  =  62^  2r,  B  =  2r  SS*,  AB  =  220-3. 

3.  Given  the  base  AC  =  659-8,  and  the  perpendicular  BC  s  520*5,  to  find  the 
otherparts.  Ans.  A  =  38*'  IC,  B  =  51' 44',  AB  =:  840*4. 

4.  Given  the  base  AC  =  35*5,  and  the  peipendiealar  BC  ==  41*6y  to  find  Uie  other 
parts.  Ana.  A  =  49*  81' ,  B  =  40*  2^ ,  AB  =  64*e8. 

5.  Given  the  base  AC  =  32*76,  and  the  perpendicular  BC  =  46*58,  to  find  the 
vertical  angle  B.  Ans.  B  =  35*  T. 

6.  Given  the  base  AC  =  53*66,  and  the  perpendicular  BO  =  82*01,  to  find  the 
angles  and  the  hypotenuse.  Ans.  A  =  56*  48*,  B  =  33*  12',  AC  =  98. 

I  Miscelkuuotu  MxMupks  m  tJie  (kleuimHom  •/ Might  tm§Ud  Trumglts. 

/        1.  The  angle  ofeleration  ACD  of  the  top  A,  of  a  tower,  was  fimnd  to  be  55''  54' ) 
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and  from  the  station  B,  100  feet  from  C  in  the  same  ftnight  line  DB^  the  tngk  of 
olcvation  ABD  ^ras  found  to  be  33**  20"* :  vhat  was  the  height  of  the  tower  ? 

SQlution  wUhowt  Lagarithnu. 

By  right-angled  triangles, 

DC  =  AD  tan  CAD,  DB  =  AD  tan  BAD, 
.-.  DB  —  DC  =  BC  =  AD  (tan  BAD  —  tan  CAD). 
But  BAD  =  90'  —  SS*'  20'  =  56^  40*,  and  CAD  = 
90"*  — dS'^Si'  =  3^6', 
.-.  BC  =  100  =  AD  (tan  66*  40'  -  tan  34'  6'). 
By  referring  to  a  table  of  natural  tangeoti,  we  find 
Tan  i»r  40'  a  1-5204 
Tan  34*    6' as    6771 


The  differenoe  s  8«4^^)100    (118*6  a  AD. 
8433 

1667 
84S 

The  division^here  is  by  the  contracted  724 

method,  recommended  above.  67$ 

49 
«13 

Henoe  the  h^g^t  of  the  toWtr  is  118^  feei,  yeiy  aearly ;  it  it  aocnratcly  between 
U8'6  £set  and  118*6  feet :  bat  loearsr  the  latter  than  the  former. 

To  soIto  BOfih  extmples  as  this  by  logarithms,  as  is  done  in  the  books,  the  compa- 
tation  of  aft  oUiqpe-angled-triaagle-HQamely,  of  the  triangle  ABO,  is  nooesHory ;  and 
there  will  be  five  references  to  the  logarithmic  tables.  In  the  abore  opentioii  two 
references  to  a  taUe  sdffice ;  and  the  subsequent  arithmetical  work,  whatever  number 
the  dividend  im  the  division  may  be,  wiU  always  be  trifling  if  tbe  eoiitnMBted  method 
of  dividing  be  employed. 

2.  From  the  top  of  a  castls^  60  feet  high,  standing  upon  a  hill  near  th9  seAndiiore, 
the  angle  of  depression  HTS  of  a  ship. at  anchor  was  observed  to  be  4°  52'  >  and  the 
^ngLe  of  depression  OBS,  taken  frt>m  the  bottom  of  the  castle,  was  found  to  he  4"*  2\ 
What  was  the  distance  AS  of  the  ship  ? 

Solution  tptthout  ZogtaithtM, 

^Qoe.TH  is  pandlei  to  AS^  the  angle  AST  Is  oqxul  to  ths  angl#  HTS  (Eticf.  2»,  I.). 
TT  V  For  a  Hke  reascm  the  angle  ASB  is  equal  to  the  angle 

OBS«     CoosfqiMntly,  th«  aoig^es  of  elevation  A^T, 
A8B  are  known— namely,  AST  =  4"  62',  and  ASB 

=  4'*  a*. 

By  right-angled  triangles, 

ATsSAtanAST,  Alxsl^AUik  k^\ 
/.  ^r-  AB=:60  =  8A  (taa  AST  -  titti  A8B>. 
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By  the  table  of  natural  tangents,  we  find 
Tan  AST  =  tan  4°  62'=    -0861 
TanASB  =  tan4°    2'=    -0706 


The  difference  =  -01^6)60  (4100  =  SA. 
584 

16 
15 


Consequently,  the  horizontal  distance  of  the  ship  is  4100  feet,  or  1367  yards,  Tcry 
nearly.    By  miUtiplying  SA  by  tan  ASB,  we  shall  get  the  height  of  the  hill — ^namely, 
•0705  X  4100  =  289  =  AB. 
3.  The  angle  of  elevation  of  the  top  of  a  tower  was  found  to  be  46="  30',  the  place 
of  observation  from  the  bottom  being  220  feet  distant  in  a  horizontal  line  :  required 
the  height  of  the  tower.  Ans.  232  feet. 

*  4.  At  a  horizontal  distance  of  45  yards  from  the  bottom  of  a  steeple  the  angle  of 
elevation  of  the  top  was  found  to  be  48''  12' ;  the  height  of  the  observer's  eye  was 
5  feet :  required  the  height  of  the  steeple.  Ans.  52  yards. 

5.  In  order  to  find  the  height  of  a  castle  surrounded  by  a  moat,  the  angle  of 
elevation  of  its  top  was  taken  from  a  convenient  station  and  found  to  be  46°  10' ;  then 
at  a  station  110  yards  further  off,  but  in  the  same  horizontal  line  as  the  former  station 
and  the  bottom  of  the  casUe,  the  angle  of  elevation  was  again  taken  and  found  to  be 
29°  56' :  required  the  height  of  the  castle.  Ans.  141*6  yards. 

6.  The  height  of  an  inaccessible  object  being  required,  the  angle  of  elevation  was 
taken  at  some  distance  from  it  and  found  to  be  51°  30^,  and  then  a  further  distance  of 
75  feet  being  measured  in  the  same  horizontal  line,  the  angle  of  elevation  was  again 
taken  and  found  to  be  26°  30'.  What  was  the  height  of  the  object,  and  at  what  hori- 
zontal distance  was  it  from  the  first  place  of  observation  ? 

Ans.  height  61*97  feet ;  distance  49*29  feet. 

7.  From  the  top  of  a  ship's  mast,  80  feet  above  the  water,  the  angle  of  depression 
of  another  ship's  hull  was  taken,  and  found  to  be  20°.  What  was  the  distance  between 
the  ships  >  Ans.  220  feet. 

8.  From  the  top  of  a  lighthouse,  85  feet  high,  reckoning  from  the  summit  of  the  rock 
on  which  it  stands,  the  angle  of  depression  of  a  ship  at  anchor  was  found  to  be  3°  38', 
and  the  angle  at  the  bottom  of  the  lighthouse,  or  top  of  the  rock,  was  found  to  be 
2°  43' :  required  the  horizontal  distance  of  the  ship  and  the  height  of  the  rock  above 
the  level  of  the  sea.  '  Ans.  distance  5296  feet,  height  of  rock  251  feet. 

9.  From  the  edge  of  a  ditch,  36  feet  wide,  surrounding  a  fort,  the  angle  of  elevation 
of  the  top  of  the  wall  was  found  to  be  62°  40* :  required  the  height  of  the  wall,  and 
the  length  of  a  scaling  ladder  to  reach  from  the  edge  of  the  ditch  to  the  top. 

Ans.  wall  69*6  feet,  ladder  78*4  feet. 

10.  In  the  year  1784,  two  observers  on  Blackheath,  at  the  distance  of  exactly  a 
mile  one  behind  the  other,  observed  the  angle  of  elevation  of  Lunardi's  balloon,  at  the 
same  instant  of  time ;  these  angles  were  36°  52'  and  30°  58'  respectively :  required  the 

perpendicular  height  ot  the  balloon.  •>     -^^^  3  miles. 


TO  CALCULATK  OBUQUE-ANQLBD  TBIANQLE8. 
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To  Calculate  tke  Sides  and  Anf  1m  of  ObUquo-anglod  Tiianglos«^lQ 

an  oblique  triangle  the  giyen  parts  must  be  either 

1.  Two  angles  and  a  side  ; 

2.  Two  sides  and  an  angle ;  or, 

3.  The  three  sides,  to  find  the  remaining  three  parts. 

I.   IfTttn  the  ^cen  parts  are  either  two  angles  attd  an  opposite  side^  or  tioo  suhs  and 
an  opposite  angle. 

Investigation  of  the  Rule.    ' 

liCt  the  triangle  be  ABC,  and  let  it  be  either  acuto-anglcd,  or  obtuse-angled,  as  in 
the  margin ;  and  let  the  perpendicular  AD  be  drawn,  meeting  the  base  or  the  base 

produced  in  D. 
^  "^         As  in  the  former  investigations, 

let  the  sides  of  the  triangle,  or  rather 
their  numerical  measures,  be  repre* 
sented  by  a,  b,  e,  these  letters  apply- 
ing to  the  sides  opposite  to  the  angles 
A,  B,  C,  respectively.  Each  triangle 
presents  now  two  right-angled  tri- 
angles,— xiamely,  the  triangles  ABD,  ACD  ;  and  from  each  we  get  a  distinct  expression 
for  the  perpendicular  AD  common  to  both,  namely, 

AD  =  AB  sin  B,  and  AD  =  AC  sin  C  ; 


80  that  AB  sin  B  =  AC  sin  C,  that  is, 


0  sin  B  s=  0  sin  C,  /.  -r  =  -r-^ 
b       sinB 

which  shows  that  any  one  side  of  a  triangle  is  to  any  other  as  tlis  sine  of  the  angle  opposile 
to  the  former  is  to  the  sine  of  the  angle  opposite  to  the  latter.  The  angle  C,  in  the 
preceding  equations,  belongs  to  the  right-angled  triangle  ACD,  which,  in  the  second 
diagram,  is  not  the  angle  C  of  the  proposed  triangle  ABC,  but  the  supplement  of  that 
anj^e ;  yet,  as  the  sine  of  an  angle  is  the  same  as  the  sine  of  its  supplement,  we  may 
regard  tiie  C,  in  sin  C  above,  as  the  angle  of  the  proposed  triangle  in  each  diagram. 

The  property  enounced  in  italics  above  supplies  the  following  rule,  when  of  the 
three  given  parts  two  are  opposite  to  one  another : — 

BuLS. — To  find  an  angle.  As  one  of  the  given  sides  is  to  the  other,  so  is  the  sine  of 
the  ang^e  opposite  to  the  former  to  the  sine  of  the  angle  opposite  to  the  latter. 

To  find  a  side.  The  sines  of  the  given  angles  are  to  each  other  as  the  sides  opposite 
to  those  angles. 

If  a,  b,  be  any  two  sides,  and  A,  B,  their  opposite  angles, 


.*.  /• :  5  :  :  sin  A  :  sin  B  = 


^sin  A 
asinB 


Or,  sin  A  :  sin  B  :  :  a  :  5  —  -: — -, 
'  sin  A 

/.  log  an  B  SSI  log  ^  +  Jog  Bin  A  -^  log  a ;  log3  =  loga  +  \o^mil'&  — V>%wft.K 


A 
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EXAMPLES  OP  THE  AMBIGUOUS  CASE. 


Whea  an  unyle  is  to  be  determined  by  this  rule,  there  is  sometimes  a  choice  of  two 
angles ;  and  the  case  is  then  called  the  anibiffuoua  ease.  The  ambiguity  arises  from 
the  circumstance  that  the  sought  angle  is  to  be  inferred  from  its  sine,  and  in  the 
absence  of  all  overruling  restrictions,  <ww  angles  haye  each  equal  claim  to  the  same 
sine :  an  angle  and  its  supplement.  But  if  it  happen  that  that  one  of  the  given  sides 
which  is  opposite  to  the  given  angle,  is  greater  than  the  other  given  side,  the  angle 
opposite  to  the  latter  must  be  acute,  otherwise  the  triangle  would  have  two  obtuse 
angles,  which  is  impossible.  Also,  if  either  of  two  angles  are  known  to  be  obtuse,  the 
others  must,  of  course,  each  be  acute.  Except  under  these  conditions,  the  angle 
sought  may  be  either  acute  or  obtuae ;  so  that  there  are  two  distinct  triangles  deter- 
minable from  the  proposed  given  parts,  the^e  parts  belonging  equaily  to  both  triangles. 


.  EXA3IPLE8. 


1.  In  a  triangle  two  of  whose  sides  are  a  =  95*12,  and  b  =  98,  and  of  which  the 
angle  A  oppo«ite  to  the  former  is  S2*  15',  it  is  required  to  find  the  angle  B  opposite  to 
the  latter,  as  also  the  third  side  c. 


To  find  the  angk  B. 

Ab«i=«5*12 -1-9783 

:  ^r-98 1-9912 

:•:  sinAj82M6':     .....     9-7272 


:  sinB,  33^  21'  .     ...     .     .     9-7401 


To  find  tho  side  c. 

AssinA,  32M5' -97272 

;  sin  C,  114°  24' 9-9594 

:  :  a  =r  95-12   .......     1-9783 


:  c  =  162-3 2-2105 


This  example  comes  under  the  ambiguous  case  noticed  above,  for  the  side  b, 
opposite  to  the  sought  angle,  being  greater  than  the  side  a,  opposite  the  given  angle, 
the  angle  B  may  be  either  33'  21'  or  its  supplement  146°  39',  as  the  sine  determined 
above  belongs  equally  to  both,  and  each  of  these  angles  is  greater  than  32"  15'.  The 
side  ^  ia  ealculated  here  for  the  acute  angle  B  =  33°  21',  for  which  C  =  180^  — 
(32=*  16';  +  33°  21')  :^  11,4°  24'.  If  it  be  calculated  for  the  obtuse  angle  B  =^  146°  39, 
then  C  idU  be  C  =^  180°  -  (32°  15'  +  146°  39')  =  1°  6', 

It.  will  be  seen  that  there  is  an  inconvenience  In  having  a  subiraetive  logarithm  in 
each,  of  the  columns ;  it  may  be  replaced  by  an  additive  quantity  as  follows  .-—-Instead 
of  writing  down  19783  fifom  the  table,  write  down  what  this  number  wants  of  10, 
which  is  8-0217 ;  but  instead  of  subtracting  from  10,  to  get  this  remainder,  in  the 
wdinary.way,  commence  with  the  leading  figure  1  on  the  1^,  and  proceed  from  figure 
to  figure  towards  the  right,  subtracting  each  fi?om  9,  till  the  last,  3,  is  reached,  which, 
sabtrajcjL  &om  10 '.  this  ia  of  course  the  same,  in  efS^ct,  «a  subtracting  the  3  from  10,  in 
the  common  way,  and  carrying  1  from  every  figure  in  proceeding  from  right  to  left ; 
but  it  is  easier  to  write  down  the  remainder  by  the  former  way  than  by  the  latter  : 
thus,  pointing  to  the  1  in  the  number  1-9783,  we  write  down  8  ;  to  the  9  we  write 
down  0 ;  to  the  7  we  write  ddwn^ ;  to  the  .8  we  write  down  1 ;  and,  lastly,  to  the  3 
we  write  down  7.  The  remainder  thus  written  in  place  of  the  tabular  logarithm,  is 
called  the  arithmetical  complement  of  that  logarithm^  The  arithmetical  complement 
should  always  be  written  ihgtead  of  a  subtractivie  log,  and  added;  and  the  error  of  10, 
lh;is  committed,  is  to  be  corrected  by  suppressing  10  in  the  result  of  the  addition. 
^Tbe  ibregoing  itrorJ:  sffoiiH  therefore,  be  modified  thus : — 


INVEBTIOATION  OF  THB  BULB. 
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To  find  the  angle  B. 

As  rt  =  95-12,  Arith.  Comp.    .     .  '  8*0217 

:  *  =  98 .  1-9912 

::  sin  A,  32°  15' 9*7272 

:  sin  B,  33°  21' 97401 


To  find  the  side  0, 

As  sin  A,  82"  15',  Aiith.  Comp.    .  -2728 

:  sin  C,  114"  24' 9-9694 

:  :  fl  =  95-12 19783 


e  =  162-3 2-2105 


2.  Given  A  =  48°  3',  B  =»  40"*  14'  and  c  =  376,  to  find  a  and  b. 
C  =:  180°  -^  (48*  y  +  40°  14')  ==  91°  43'. 

To  find  b. 
0002 
:  sin  A,  48«  3* 9*8714 


I  To  find  «. 

j  As  sin  C,  91°  43',  Arith.  Comp. 


As  sin  C,  91°  43',  Arith  Comp.    .      '0002 
:  sin  B,  40°  14' 9*8102 


ff=87« 2*5752      ::<?  =  376      .     .     .     .    ...     2*5752 

fl  =  279-8       .... 


2*4468 


^  =  243 


2-3856 


3.  Given  a  =  355,  c  =  386,  and  A  =  49^  26*,  to  find  h  and  C. 

^  Ans.  b  =  465-3,  0  =  45°  58' 

4.  Given  a  =  810,  B  =  62°  9',  and  C  =  41°  13'. 

b  =  281-7,  e  =  210,  A  =  76°  38'. 

5.  Gi¥fln  a  ==  70,  *  =  104,  and  B  =  44°  12'. 

A  =  27°  59',  C  =  107°  49',  c  =;  142* 

6.  Oivea  ^  =  104,  c  =  142,  and  B  a  44^  ir. 

There  are  two  triangles  having  these  parts  in^  C  =  72*  11'  or  107*  4b'. 
each ;  the  remaining  parts  hcing  as  hero  an-  |- A  =  63°  37'  or  27°  59'. 
nexed.  j  a  =,  134-8    or    70°. 

II.   When  (he  given  parte  are  two  eidee  aud.tke  ineluded  angle, 
Inveetigation  of  the  Hale, 

Let  the  two  sides  AC,  BC,  and  their  indiided  angle  ACB,  be  given,  to  find  the 
remaining  angles  A,  B,  of  the  triangle  ABC. 

From  the  greater  CA,  of  the  two  given  sides  cut  off  a 
part  CD,  equal  to  the  less  CB ;  and  also  prolong  AC,  till 
CD'  =  CB :  then  CB  =  CDrs  CD',  and  consequently, 
with  centre  C,  and  radius  CB,  a  circle  may  be  circum- 
scribed about  DBD',  .to  that  the  angle  DBD'  is  a  right 
angle  (Euc.  31  of  III.),  and  therefore  CDB  is  the  com- 
plement of  B*. 

Now  CDB  =  A'  -f-  ABD :  add  CBD  =  CDB  to  each  ;  then 
2CDB  =  B  +  A,  .*.  CDB  =  ^  (B  +  A),  /.  sin  ADB  =  sin  ^  (B  +  A) ) 
And  consequently  since  D'  ^  the  compv  of  D,  sin  AD'B  =?  i^os  ^  (B  -(-  A)  5 
But  CBD,  the  half  sum  of  A  and  B,  added  to  AiBD,  gives  B,  the  greater, 

.*.  ABD  =*:  i  (B  -r-  A),  ..*.  sin  ABD  =8  sin  ^  (B  —  A^ 
But  sin  ABD',  greater  than  90°^  is  the  some  as  the  sine  of  an  on^^ 
much  legs  tbaDS&  /.  sin  ABD*  ==  cos  ^ 


(1) 
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These  relations  being  established,  let  us  refer  to  Case  I.,  which  gives 
AB^  _  AC+CB  __  sinABiy 
AB  ■"      AB      "•  sin  AD'B  '  '  '  ^^^ 
_     AD       AC— CB       sinABD  ,,, 

"^^   AB  =  "Tab-  =  SiTADB  '  -  ^^^ 

Hence,  dividing  (3)  by  (4),  we  have 

AC+CB  _  sin  ABD'  sin  ADB 
AC— CB""  sinABD  sin  AD'B  '  •   *   ^^^ 
that  b,  by  substituting  for  these  sines  their  values  in  (1)  and  (2), 

AC-fCB  _  cos  ^  (B  —  A)  sin  i  (B  +  A)  _  tan  |-  (B  +  A) 
AC-CB  "~  sin  ^  (B  —  A)  cos  i  (B  +  A)  ~"  tan  ^  (B^^^T^O    ^^^^  ^ ' 
80  that  in  any  plane  triangle,  t^ie  sum  of  two  aides  is  to  their  difference,  as  the  tangtnt  of 
Intlf  the  sum  of  tlie  opposite  angles  is  to  the  tangent  of  half  their  difference.   The  following, 
therefore,  is  the  rulej— 

Rule. — As  the  sum  of  the  two  given  sides 
Is  to  their  difference,     \ 

So  is  the  tangent  of  half  the  sum  of  the  opposite  angles 
To  the  tangent  of  half  "their  difference. 
The  half  difference  of  the  unknown  wigles  thus  becomes  known ;  and  as  their  half 
sum  is  also  known — for  the  whole  sum  is  180''  minus  the  given  angle  (Euc.  32  I.) — the 
two  angles  themselves  are  readily  discovered :  the  greater  of  the  two  is  the  half  sum 
increased  by  the  half  difference,  and  the  less,  the  half  sum  diminished  by  the  half 
difference. 

KoTE. — Instead  of  using  the  tangent  of  half  the  sum  of  the  opposite  angles,  we  may 
U80  the  cotangent  of  half  the  included  angle,  as  is  obvious. 

Examples. 

1.  In  the  triangle  ABC  arc  given  &  =  47,  tf  =  85,  and  the  angle  A  =s  52''  40' : 
required  the  remaining  parts. 

J(C  +  B)  =  90°  —  26'»  20'  =  63=*  40', 
and  the  formula  for  finding  J(C  —  B)  is  '  A 

<,  4-  ^  :  ^  —  i  : :  tan  i(C  +  B)  :  tan  J(C  -  B) 

As  c  +  A  =  132  Arith.  Comp.  7*8794  ^/^  \^ 

:         (J  —  A  =    38     .    .     .    •     1*5798 
:  :  tan  §(C  +  B),  63°  40*  .    .     .  10*3054 

:   tan§(C  — B),  30°ir  .     .     •     9-7646  B  ^ 

/.  C  =  93°  51',  the  sum  of  J(C;+  B)  and  i(C  —  B) 
B  =  33°  29',  the  difference. 
As  all  the  angles  of  the  triangle  are  now  known,  the  remaining  side  a  may  be 
found  by  Case  I.,  thus : 

To  find  the  side  a. 

As  an  B,  33°  29'  Arith.  Comp.    '2583 

:    sin  A,  52°  40' 9*9004 

:  :    J  =;  47  1-6721 

:    a  =5  67*74       .....  1*8308 
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It  may  be  observed  here  that  the  third  side  of  the  triangle  may  alwBys  be  deter- 
mined independently  of  Case  L,  and  in  a  manner  somewhat  more  easily,  by  employing 
a  relation  furnished  by  the  foregoing  investigation,  thus :  the  equations  (3)  and  (4), 
after  putting  for  the  sines  the  values  previously  deduced,  are 

AC  +  CB  __  cos  i(Bj--  A)    AC  —  CB  _  Bin^(B^  A) 
AB       ^  ios  J(B  +  A)  '        AB       "~  sin  i(B  +  A) 
which  furnish  the  proportions 

cos  i(B  —  A)  :  cos  J(B  +  A)  : :  6  +  a  :  <?  .  .  ,  .  (6) 
sin  J(B  —  A)  :  sin  J(B  +  A)  :  :  4  —  a  :  c  .  .  .  .  (7) 
The  advanti^  of  using  eithw  of  these  proportions  instead  of  the  rule  in  Case  L  is, 
that  all  the  three  logarithms  employed  oocur  at  the  same  openings  of  the  table  as  the 
logarithms  in  the  process  for  finding  the  angles,  and  they  may,  therefore,  be  readily 
taken  out  at  the  same  time  :  one  of  the  three — ^that  for  the  sum  or  difference  of  the 
sides— has  only  to  be  repeated. 

Por  the  particular  triangle  solved  above  the  second  of  these  proportions  is 
sin  }(C  —  B)  :  sin  J(C  +  B)  :  :  <?  —  J  :  fl ; 
and  in  order  to  show  the  facilities  gained  by  employing  it,  we  shall  tc-work  the  example 
just  given  by  its  aid. 

Aac  +  bz=:ld2  Arith.  Comp.    7*8794  To  find  the  aide  a, 

c  —  bz=:ZS      .    •    .     .       1-5798 15798 

:  :  tan  ^(C  +  B),  63°  40'    «    .    .     10*3054       ...  sin  .    .    9*9524 

:    tan  J(C  —  B),  30°  11'    .    .    .       9-7646  Arith.  Comp.  sin  .      -2986 

.-.  C  =  93°  61'  a  =  67*74  •    ,         18308 

B  =  33°  29'  

It  may  assist  the  memory  in  computing  the  side  by  this  method,  to  observe  that 
the  three  terms  employed  in  the  proportion  for  the  side  are  merely  those  in  the  pro- 
portion for  the  angles  revernd^  with  sine  in  the  place  of  tangent 

Another  use,  too,  may  be  made  of  the  proportions  (6)  and  (7)— namely,  in  the  case 
where  two  angles  and  the  inteijacent  side  are  given  to  find  the  remaining  sides,  as  in 
the  following  example. 

2.  Given  A  =  41°  13'.  B  =  62°  9',  and  <?  =:  310,  to  find  a  and  b. 
Inverting  the  proportions  (6)  and  (7)  wo  have 

sin  i(B  +  A)  :  sin  J(B  —  A)  :  :  <?  :  *  —  ff 
cos  }(B  4-  A)  :  cos  J(B  —  A)  :  :  f  :  ^.  +  a. 
Hence  the  work  will  stand  as  follows : — 

As  sin  |(B  +  A),  61°  41'  Arith.  Comp.    -1064  Arith.  Comp.  cos  .    .    -2076 

:   sin  J(B  —  A),  10°  28'      ....    9-2593     ....    cos  .    .  9*9927 

«J=310 2-4914 2-4914 


J  — fl  =  7l-7 1-8561     *  +  «i=491-7   .    .2-6917 

*  — a=:    71-7 

ro  t      ^  ««  X  n    1*20      ,210       =  fl 

(See  example  4,  page  23.)  2  1533.4'  281-7  =.  6 

3.  Given  a  =  612,  c  =  907,  and  B  =a  49^  10',  to  find  the  temuiiui^  ^vcV&  ^1  ^^ 
triangle.  Ans.  A  =  34°  6*,  C  =96**  44r,b=i^%\v 
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4.  Given  a  =s  95*12,  c  =  98,  and  B  =  lU''  24',  to  find  the  remaining  parts. 

Ans.  A  =  32'*  15',  C  =  33"  21',  b  =  162-34. 

5.  GiTen  a  =  112,  *  =  120,  and  C  =  67"  5T,  to  ^i  the  remaining  parts. 

^Ans.  A  =  57^  28',  B  =  64°  35',  c  =  112-6. 

6.  Given  b  =  154*3,  e  =  365,  and  A  =  67°  12',  to  find  the  remaining  parts. 

Ans.  B  =  24°  45',  C  =  98°  3',  «  =  310. 

JII.   JFhen  the  given  parts  are  tlie  three  sides, 
.     .  Investigation  of  the  Bules, 

fietuming  to  the  diagrams  of  Case  I.,  page  21,  we  have  hy  right-angled  triangles, 
BD  =  0  cos  B,  and  CD  =  5  cos  C. 
Xi  the  angle  C  of  the  triangle  be  acute,  the  cosine  of  it  will  be  positive  ;  if  it  be  obtuse, 
as  in  the  second  of  the  diagrams  referred  to,  it  -will  be  negative  (see  Mathematical 
Sciences,  pag9  298).  In  the  equation  above,  the  angle  C  is  ACD,  which  is  acute  in 
the  second  diagram ;  but  if  we  replace  it  by  the  angle  C  of  the  triangle,  thus  making 
cos  C  subtractive,  we  shall  have,  equally  for  both  triangles,  the  condition 

«  ==  i  cos  C  -[-  (?  cos  B 
And  Aimilarly,  *  =  rcos  A +  »cos  0] 

czria  GOB  B  +  ^  cos  A 

Let  these  bo  regarded  as  three  algebraical  equations,  in  which  the  unknown  quantities 
(usually  Xf  y,  and  z)  $re  cos  A,  cos  B,  and  cos  C ;  theii,  multiplying  them  by  a,  b,  c 

respectively,  we  have — 

«2  =  oJ  cos  C  -[-  ac  cos  B 
52  =  be  cos  A  -\-  ab  cos  G 
c^  =  ac  cos  B  -{-  be  cos  A, 

and  subtEacting  each  of  these  from  the  sum  of  the  other  tw4>,  iher^  results— 


^^  1^— a2--2fttf  cosA 
a2  ^.  <j2  __  ^  —  2ae  cos  B  j 
a2  +^_c3=2fl5cosc) 


cos  A  ;=  ! . 

%be 

0038  =  "'+/-*^- 

«3  ^  iH  _  <? 


/ 


The  expressions  on  the  right  furnish  a  complete  solution  to  the  present  problem ; 
but  when  the  given  sides  a,  b,  c,  consist  each  of  several  pliaces  of  figures,  the  calculation 
of  the  fractions  involves  a  good  deal  of  arithmetical  work.  Qn  this  account,  ineans 
have  beien  cohtrived  to  change  the  preceding  forms  Into  others,  that  shall  consist  exclu- 
sively of  factors  and  divisbrsj  without  any  addition  oi  subtraction  operations ;  so  that 
the  expressi6ns'  maiy  be  fitted  for  computation  by  logarithms :  how  this  is  brought 
about  wfr  shall  explain  presentlyi  But,  as  logarithms  may  be  diq>eus5d  yrith  whenever 
a,  &,  e  are  conveniently  small  numbers,  we  shall  first  show  the  best  form  of  using  the 
above  expression  for  cos  A,  in, such  a  case. 

Subtract  1  from  the  fraction  for  cos  A ;  it  then  becomes, 

ffi  +  c^^a^  _    _  (b-^ey^a^  ___  {b—  e+a)(h'^e  —  a) 
23c  ~"  2bc  ""  2be 
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which  is  tolerahly  conycnient  for  calculation  without  logarithms :  hut  a  form  somewhat 
preferable  is  given  at  page  29. 

If  the  1  were  transposed  and  signs  changed,  the  right-hand  member  of  the  last 
equation  would  be  equally  conycnient  for  calculation  wiih  logarithms ;  but  the  left- 
hand  member,  which  would  then  be  1  —  cos  A,  has  no  corresponding  logarithm  in  the 
ordinary  tables;*  the  object  is  then  to  change  1  —  cos  A  into  some  equivalent  trigo- 
nometrical quantity,  tho  log  of  which  is  to  be  found  in  the  tables.  A  diagram  will 
assist  in  showing  how  this  is  to  be  effected. 

Suppose  AB  to  be  the  trigonometrical  radius— namely^ 
AB  =:  1,  and  let  BCD  be  the  arc  of  a  semicircle  to  that 
radius,  and  BAC  the  angle  A ;  then  An  bisecting  tho 
chord  BC,  also  bisects  the  arc  BC  and  tho  angle  A, 
.-.  BC  t=  2  sin  ^A. 

Now  DCB,  in  a  semicircle,  being  a  right  angle,  we  hare  (Euc.  8  of  VI.)  BD.  Bm 
=  BC3,  that  is,  since  BD  =  2,  and  Am  =  cos  A, 

2  (1  -  cos  A)  z=  (2  sin  JA)'  /.  1  —cos  A  =  2  sin-  JA, 

.•.(l).«inHA  =  <i^+^^  +  ^-) 

a  formula  well  adapted  to  computation  by  logarithms.  If  «  be  put  to  represent 
l(a  +  ^  +  ^)9  then  the  two  factors  in  the  numerator  will  be  respectively  s  —  b  and 
i^4f  and  we  shall  have  the  expression  for  sin  ^  A  in  the  more  compact  forxB, 

,intA=:X/('-y-')    .    .     .     .   (D 

Again :  because  as  proved  above  ^(1  —  cos  A)  r=  sin^  ^A,  if  each  be  subtracted  from 
1,  we  shall  haye, 

1(1  +  cofl  A)*=  1  -  sin*  J^A  =  cos3  JA, 

;  ....e<«HA  =  l+co.A  =  .+^±^^  =  (ML^ 
""  "lie 

and  dividiiig  (I)  by  (II),  wc  have  finally, 

*-i^-V^^^^^  •  •  --^'^  .       ; 

Sifiwr  trf  the  formulas  madced  (I),  (II),  (III),  will  supply  a  rule  for  fitidmg  as 
aaf^  ttom  the  «ide8  beidg  given ;  bat  it  is  better  to  woilc  by  the  formula  itscHf  than  t« 
^  paHed  by  written  dinotions.    That  marked  (II)  is  a  little  the  shortest ;  but  when 

ifattt  isf&vvn  In  ToL  It  of  Dr.  Kacjcsy'f  mlosMe  vorkoi  **  The  Theory  sikdL'Bt«LC\,\<y&  ^  tLTA\xi^>3Bi9^ 
toagltiifls^ 
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ILL-CONDITIONED  TSIANGLES. 


I  A,  tliat  is,  half  the  sought  angle,  is  foreseen  to  be  very  small,  it  will  be  better  to  use 
the  formula  (I) :  the  reason  is  that  the  sines  of  angles  very  near  90°,  or,  which  is  the 
same  thing,  the  cosines  of  angles  very  near  O'^,  yary  £rom  each  other  by  such  slight 
differences,  that  several  of  sufih  angles  have  equal  claim  to  the  same  sine  or  cosine. 
For  instance,  suppose  we  were  led  to  9*9999998  for  the  logarithmic  sine  or  cosine  of  an 
angle  to  be  found.  By  tables  calculated  to  seven  places  of  decimals,  this  number  is  the 
log  sine  of  every  angle,  indifferently,  between  89"*  56'  19"  and  89**  67'  8"j  and,  conse- 
quently, the  log  cosine  of  every  angle  between  2*  52"  and  3'  41''.  In  such  extreme 
cases  the  formula  (III)  is  to  be  preferred,  although  for  a  small  angle  (I)  may  be  safely 
employed,  and  (II)  for  a  large  one.  In  practice,  however,  these  ill-conditioned  triangles, 
as  they  are  called,  are  always  avoided,  if  possible ;  and  in  Navigation  they  are  but 
little  likely  to  be  met  with.  An  error  of  a  few  seconds  in  this  subject  is  however  a 
matter  of  no  moment ;  and  we  advert  to  the  peculiarity  hero  merely  to  account  to  the 
learner  how  it  happens  that,  although  the  three  formulae  above  are  all  equally  coiTect, 
yet  in  inquiries  where  the  minutest  accuracy  is  necessary,  one  of  them  may,  in  certain 
rare  cases,  be  preferable  to  another.  The  defect  is  not  in  the  formulae,  but  in  the 
tables,  which  being  calculated  to  only  six  or  seven  places  of  decimals,  cannot,  of  course, 
mark  distinctions  of  value  that  affect  only  the  decimals  more  remote. 


1.  Given  the  sides  a  : 


By  formula  (I) 

^iK-V^'-T 

-c) 

a=:    95-12 

*  =  162-34    Arith.  comp.  77896 

<?  =    98         Arith.  pomp..  8*0088 

2)355-46 

B  =  177-73 
8  —  b=i    15-39     . 
«  — c=    79-73.   . 

.      1-1872 
.      1-9016 

2)18-8872 

sin  iA,  16^  7r      .        . 

.       9-4436 

2 

.-.  A  =s  32   lo                        ... 

EXAMPLES. 

:  95-12,  b  =  162-34,  and  c  =  98,  to  find  the  angle  A. 
By  formula  (II). 


be 


cos  JA  =  J^'  ^ 


fl=    95-12 

b  z=L  162-34    Arith.  comp.   7*7896 

<;  =    98         Arith.  comp.    80088 


2)355-46 


8  =  177-73 
«  — «==    82-61 


cos  iA,  16°  7i' 
2 


.     2-2498 
.     1-9170 

2)19-9652 


9-9826 


A  =  32°  16' 


In  the  first  of  these  logarithmic  operations  there  enters  a  log  sine,  and  in  the  second 
a  log  cosine :  each,  therefore,  irequir^s  a  correction,  as  noticed  at  page  9  ;  10  should  be 
added  to  the  right-hand  member  of  each  of  the  formulae  (I),  (II),  when  expressed 
logarithmically.  Now  i%oo  tens  have  been  added  to  the  sum  of  the  four  logs  above,  on 
account  of  the  two  complements ;  so  that  after  dividing  this  sum  by  2,  for  the  square 
root,  <m»  ten,  in  excess,  affects  the  result,  which  therefore  supplies  the  10  that  ought  to 
have  beem  added,  and  thus  the  proper  correction  is  provided  for. 

ITe  shall  now  exhibit  the  work  of  the  preceding  example  without  logarithms. 
The  moat  convenient  formula  for  this  purpose  is  perhaps  that  immediately  derived 
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from  tbe  ezpreflsion  for  oo«  A  at  page  26,  hj  flnt  adding  and  then  subtraoting  1 : 

we  thus  get 

,Q,.-(y  +  2^  +  o^-«»     ,_(*  +  ^)»-«'     ,_(«+*  +  c)(&  +  *-a) 

a=  95*12 
A  =  162-34 
ez=    98 

«  +  *  +  «  =  355-46   .      •  .    .    355-46 
b^c^ass  165*22  revoned  =  22561 

b  ==  162-34  35546 

e  =        98  21328 

1777-    •    • 

129872  71 

146106  7 


16909-32  X  2  =  31818,64)68729(1-8457 
31819 

•8467  =  cos  A,  32'  16'   .r^       26910 

26455 

The  contracted  method,  so  often  recom-  1455 

mended  in  these  pages,  is  used  through-  1273 

out  this  operation.  -— 

182 

159 

23 

22 
It  may  he  remarked  hei%  that  in  computing,  as  in  this  specimen,  the  first  figure  in 
the  quotient  will  always  he  1,  followed  by  decimals ;  so  that  there  will  be  no  occasion 
to  take  any  notice  of  decimal  points,  either  in  the  diyidend  or  divisor :  it  is'sufficient 
that  we  know  that  the  first  figure  of  the  quotient  is  always  an  integer  (unit),  and  the 
following  figures  decimals.  But  there  is  no  question  that,  in  general,  the  operation  by 
logarithms  would  be  preferred.  It  is  worthy  of  notice,  however,  that  whenever  a,  ^,  e 
are  all  divisible  by  the  same  number,  we  may  divide  accordingly,  and  use  the  quotients : 
thus,  instead  of  the  above  values,  wo  might  have  taken  a  =r  47*56,  b  =  81-17, 
and  (;  =  49  ;  these  being  the  halves  of  those  values. 

2.  Given  a  z=r  174-1,  b  =z  232,  and  <t  =  345,  to  find  the  angle  A. 

Ans.  A  =  27'  4'. 

3.  Giyen  «  =  95*12,  b  =  162-34,  and  c  =  98,  to  find  the  angle  B. 

Ans.  B  =  114°  24'. 

4.  Given  a  ==  3388,  b  =  2065, *and  <;c=:.163T,  to  find  the  angle  A. 

...  Ans.  132°  r. 

5.  Given  a  =  112,  3  =  112-6,  and  e  ^  120,  to  find  all  the  angles. 

Ams.  A  x=  67°  28',  B  =  67°  67',  C  =  64°  35'. 

6.  Given  a  =  698,  b  =  352,  and  ^  =  467,  to  find  all  the  aaiglea. 

Mb.  'A  £=  116*  12',  B  =  l^"*  54',  C  =1  ^e?  W . 
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PRACTICAL  OPERATIONS  IflTH  PLANK  TRIANGLES. 


Wseellaneoiis  Qvestioas  z^qiilxiAg  the  Solntioa  of  Plane  TiianglMU— 

1.  Being  on  one  side  of  a  riyer,  and  wishing  to  know  the  distance  of  a  tree  (C)  on  the 
other  side,  I  measured  a  length  of  500  yardi  along  the  side  of  the  nr&ty  and  set  up  a 
rod  at  each  end  (A  and  B) :  the  angle  at  A  subtended  by  BC  wag  then  measured,  and 
found  to  be  74°  14' ;  and  the  angle  at  B,  subtended  by  AC,  was  found  to  be  49°  23'  : 
required  the  distance  of  the  tree  from  each  station. 

Here  the  two  angles  at  A  and  B  are  given,  as  also  the  interjacent  side  AB  ;  the 
third  angle  at  C  is  therefore  known,  namely,  C  =  180"  —  (74°  14'  +  49°  23')  =  66"  23'. 


As  sin  C,  56°  23'  Arith  Comp.      .  •    '0796 

:  sin  B,  49°  23' 0-8803 

:  :  AB  =  500 2*6990 


:  AC  =  455-8    . 


2-6588 


As  sin  C,  66*  28'  Arith.  Comp.    .      -0795 

:  sin  A,  74*  14' 9*9833 

:  :  AB  =  600 26990 


:  BC  =  577-8 2-7618 


2.  From  the  top  of  a  mountain  3  miles  high,  the  angle  of  depression  of  the  yisible 
horizon — that  is,  of  the  circle  where  sky  and  sea  appeared  to  meet, — was  found  to  be 
2°  13'^- :  it  is  required  from  this  to  determine  the  diuneter  of  the  earth. 

Let  A  be  the  centre  of  the  earth,  C  the  summit  of  the 
moimtain  BC,  and  ECD  the  angle  of  depression  of  the  remotest 
visible  point  of  the  surface  of  the  sea,  below  the  horizontal 
line  CE. 

The  angles  ACD,  DCE,  make  up  a  right  angle ;  so  do  the 
angles  ACD  and  A,  because  D  is  a  right  angle  (£uc.  18  of  III.) ; 
therefore  the  angle  A  =  the  angle  ECD.  Now  by  right-angled 
triangles  AC  =  AD  sec  A. 

/.  AC  —  AB  =  BC  =  AD  (sec  A  —  1) ;  that  is, 

AD  (sec  2"  13'^  —  1)  =  3,    /.  AD  = 


sec  2°  13':^  —  1 

By  help  of  a  table  of  natural  secants  this  expression  for  the  semi-diameter  AD  is 
very  readily  calculated.    To  convert  it  into  a  form  adapted  to  logarithms,  we  have, 

by  putting  ^^^^^  for  sec  A, 

_^BC  BOcosA 

secA— 1 


cos  A 


l—cosA 
But  it  was  shown  at  page  27  that  1  —  cos  A  =  2  sin'  JA, 


AD: 


BC  COS  A 
'  2"rin3  ^A' 


2AD  = 


BCcosA 
sin^A 


.-.  log  Diameter  =  log  3  +  log  coa  2°  13'J  —  2  log  sin  1°  6'i  +  10,  ' 
the^  10    being   added   because   there  ara  two  subtractive  log   sines — ^namely,  log 
sin  1°  6'|  +  log  flin  1'  6'f,  and  only  one  additive  trigonometrical  quantity— namely, 
log  cos  2?  18' J.^ 

log  3      .    .    •    .      •477121 


log  cos  2°  13'J     , 
^  log  sin  1*   6'f  Arith. 
Bepeated 

log  diam,  7962}     . 


.    .    9-999672 

Comp.  1-711859 

.    ^    1-711859 


3-900511 
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Hence  the  diameter  of  the  earth,  at  dedaoed  from  these  observations,  is  7962i  miles. 
Otherufiie  by  a  Uhle  of  natural  oonnes, 

Since^  as  shown  above,  AD  =  |-^-  -  . ,  we  may  compute  by  the  table  of  natural 
sines  and  oosines  as  follows  :— 

nat  cos  2*  13'4  =    -999246 


1  —•999246  =  -000754  )2'997738(  3976 
2262  2 

7357       7953  miles  the  diameter. 
6786       

5718 
5278 

4358 
4524 

3.  Wanting  to  know  the  breadth  of  a  river,  I  measured  a  base  of  500  yards  in  a 
straight  line  close  to  its  edge,  and  at  each  end  of  it  I  found  the  angles  subtended  by 
l^e  other  end,  and  a  tree  close  to  the  opposite  margin  of  the  river  to  be  53"*  and 
79'  12^ :  what  was  the  breadth  of  the  river  ?  Ans.  529*5  jrards. 

4.  Two  ships  of  war  intending  to  cannonade  a  fort  scp^irated  from  each  other 
500  yards,  as  near  to  the  shore  as  possible :  the  angles  subtended  by  each  ship  and  the 
fort  were  Observed  from  the  other  ship  to  be  38°  16'  and  37°  9* :  required  the  distance 
of  the  fort  from  each  place  of  observation.  Ans.  312  yards  and  320  yards. 

5.  The  peak  of  Teneriffe  is  said  to  be  2}  miles  above  the  surface  of  the  sea  :  the 
angle  formed  at  the  top  between  a  plumb  line,  which,  of  course,  hangs  perpendicular 
to  the  horizon,  and  the  line  from  the  eye  to  touch  the  sea  at  the  remotest  visible  point, 
is  found  to  be  87°  58' :  required  the  diameter  of  the  earth. 

Ans.  7936.  miles.  , 

6.  Three  objects.  A,  B,  C,  whose  distances  apart  were  AC  =  8  miles,  BC  =  7i  miles, 
and  AB  =  12  miles,  were  visible  from  a  station  D,  la  the  line  joining  A  and  B ;  and 
the  angle  at  that  station,  subtended  by  AC,  was  observed  to  be  107°  56'  13"  :  required 
the  distances  of  the  three  objects  from  D  ? 

;An8.  AD  =  5  miles,  DB  =  7  miles,  DC  =  4-89  miles. 


AVe  here  conclude  the  introductory  treatise  on  the  solution  of  plane  triangles :  it 
is  intended  solely  to  familiarize  the  learner  with  the  business  of  practical  calculation, 
and  to  illustrate  the  best  and  shortest  methods  of  aiTanging  his  arithmetical  operations. 
Many  instances  have  been  given,  more  especially  in  what  concerns  right-angled 
triangles,  of  the  advantage  of  making  more  use  of  the  table  of  natural  sines  and  cosines 
than  is  at  present  customary.  Valuable  as  logarithms  unquestionably  are,  they  do 
not  always  e£G9ct  a  saving  of  time  or  trouble,  even  in  cases  well  fitted  for  their 
application,  and  we  would  therefore  recommend  that  the  example  NTe  Wie  Vet^  ^t\.  ' 
Mm.  be  followed  bj  the  learner :  that  ho  would  eaercise  hia  own.  ^e\5i\:>€c«\;B  yaA^Ta^TiJ^ 


32  DIRECTIONS  FOR  USING  TABLB8. 

•  as  to  which  kind  of  table  will  aid  him  in  reaching  his  result  in  the  readiest  way,  and 
not  in  all  cases  resort  to  logarithms,  as  is  almpst  invariably  done  in  works  of  this  kind. 

But  whatever  table  he  uses  he  should  use  with  deliberation  and  care :  tabular 
numbers  should  never  be  transcribed  in  a  hurry,  aa  everything  depends  on  the 
accuracy  with  which  they  are  written  down.  It  should  also  be  the  habitual  practice 
of  the  calculator  to  make  all  the  use  he  can-  of  his  table  when  it  is  in  his  hand ;  and 
when  it  is  not  in  use;  he  should  advance  his  work  as  much  as  practicable  before  he 
refers  to  it.  In  order  to  this,  as  many  as  possible  of  the  arguments^  as  they  are 
called — that  is,  of  the  quantities  with  which  the  tabular  numbers  are  to  be  connected — 
should  be  written  down  before  the  tables  are  touched :  thus,  in  Example  I,  for  instance, 
page  28,  the  entire  skeleton  of  the  operation  should  be  formed  before  the  table  of 
logarithms  is  referred  to,  to  fill  it  up.  Again,  in  Example  2,  page  23,  every  item  in 
both  columns  of  the  work  should  be  written  down  while  the  tables  are  in  hand,  and 
they  should  bo  again  referred  to  only  after  the  amount  of  each  column  is  found. 

In  the  treatise  on  Tbioo^ometbt  in  the  mathematical  volume  of  the  CntCLs  op 
THE  Sciences,  the  main  object  has  been  to  develop  the  analytical  theory  of  angular 
magnitude,  and  not  to  enter  at  any  length  into  arithmetical  details ;  the  present  Pabt, 
independenUy  of  the  special  purpose  it  is  intended  to  serve  in  this  treatise,  may, 
therefore,  be  acceptable  to  the  student  as  a  praxis  on  certain  theoretical  i«ineiples 
there  delivered.  This  collateral  object  has  not  been  lost  sight  of  in  the  preparatioa  of 
the  foregoing  pages;  and  we  have,  accordingly,  introduced  examples  in  sufficient 
number  and  variety  to  supply  the  learner  with  all  needful  materials  for  exercise,  in 
the  ordinary  calculations  of  Fltictical  Trigonometry. 

Before  closing  the  introductory  portion  of  our  subject,  it  may  be  well  to  collect 
into  one  place  the  several  formulsB  for  the  solution  of  oblique  triangles.  By  thus 
bringing  tiiem  together,  future  reference  to  them  will  be  fiEUiilitated;  and  the  learner, 
by  having  the  whole  more  frequentiy  under  his  eye,  wiU  at  length  get  them  so 
impressed  on  his  mind  as  eventually  to  dispense  altogetiier  with  a  formal  refereiice  to 
them.    This  amount  of  fSuniliarity  with  his  tools  is  a  necessary  qualification  in  a  good 

workman. 

,^ormul.<B  for  the  Solution  of  Plane  Triangles, 

I.  a  :.  i  ::  sin  A ':  sin  B  ^ 

II.  a  +  i  :  «<oi  ::  tan  J(A  +  B)  :  tan  J(Ac/)  B) 

sin  J(Al«B)  :sini(A  +  B)  .-.a^bie 

cos  J(AonB)  :  cos  J(A  +  B)  ::  «  +  *  :.c 

in.  sin  u  =  V -^^''^' «°« i^  =  ^'^ 


tan 


{>--h){>-c) 


•*  K        »{« •—  a) 


2bo 

The  last  of  these  expressions  is  to  be  computed  by  common  arithmetic,  and  the  cosine 
of  A  to  be  found  in  the  table  of  natural  sines  and  cosines ;  all  the  other  formulse  arc 
adapted  to  logarithmic  computation.  Whenever  the  sides  «,  J,  r,  have  a  factor  common 
to  all,  it  may  be  cancelled,  and  the  results  used  instead,  in  any  of  the  fonnul®  III. 
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NAVIGATION. 

CiMMial  Hotioiifl  of  th«  Fisiur«  and  Rotation  of  tho  Saith.— The  surface 
of  the  seft  is  yery  nearly  that  of  a  perfect  sphere  or  globe.  For  all  the  purposes  of 
Nayigation,  it  may  be  regarded  as  accurately  so ;  for  if  the  very  small  deriatioii  from 
this  figure  were  to  be  removed,  no  sensible  difference  would  be  made  in  any  of  the 
rules  and  operations  by  which  tho  sailings  of  a  ship  are  regulated,  and  its  position 
dstem^fned. 

That  the  sorfiMJe  of  the  ocean  is  globular  may  be  inferred  fix>m  tho  eyidence  of  the 
senses.  On  whateyer  part  of  it  an  obseryer  be  placed,  or  howeyer  high  aboye  it  he 
be  raised,  he  sees  around  him  an  expanse  in  which  no  defect  from  sphericity  can  be 
disooyered  anywhere  within  the  compass  of  his  yision.  He  sees  a  receding  yessel,  in 
the  distance,  gradually  disappearing  behind  the  rotundity ;  he  first  loses  sight  of  the 
hull,  then  of  more  and  more  of  the  upper  works,  till  at  length  eyen  the  most  eleyated 
part  sinks  below  the  circle  that  limits  his  field  of  yiew.  These  effects  being  obsenrcd, 
at  whateyer  spot  on  the  surface  the  spectator  may  be,  lead  to  the  natural  impression 
that  it  is  a  portion  of  a  globe  that  is  eyerywhere  spread  around  him.  This  impression 
is  confirmed  by  the  unquestionable  fact  that,  on  the  assumption  that  the  surface  is 
unilormly  spherical,  and  under  the  sole  guidance  of  rules  and  directions  based  exdu- 
siyely  on  that  assumption,  ships  haye  actually  circumnayigated  the  earth,  and  that  by 
routes  so  yarious  as  to  leave  on  the  mind  not  the  slightest  doubt  that  the  inference,  as 
to  the  general  figure  of  the  ocean's  surface,  drawn  from  obsenration  of  its  appearance 
to  the  eye,  is  correct. 

Again :  an  eclipse  of  the  moon  is  caused  by  the  passage  of  that  body  through  the 
shadow  cast  by  the  earth,  the  earth  being  then  between  the  sun  and  moon.  As  soon 
as  the  moon  enters  the  shadow,  the  small  part  of  her  face  thus  obscured  always 
presents  a  circular  boundary;  as  she  adyances,  and  the  obsenration  increases,  the 
boundary  of  the  shadow  enlarges,  but  it  continues  circular ;  and  wheneyer  the  centres 
of  the  sun,  earth,  and  moon  are  so  nearly  in  the  same  straight  line  as  to  render  the 
edipse  annular^  as  it  is  called,  then  the  shadow  projected  on  the  moon's  surface  is 
observed  to  be  a  complete  circle.  These  appearances  being  uniform,  whateyer  part  of 
the  earth's  surface  is  exposed  to  ^e  sun's  rays,  we  cannot  resist  the  conclusion  that  the 
planet  we  inhabit  does  not  differ  in  external  figure  from  a  perfect  sphere,  except  in  a 
very  slight  degree. 

The  earth  rotates— turning  once  round  every  day ;  it  revolves  invariably  about 
the  same  diameter,  and  completes  each  revolution  invariably  in  the  same  time.  That 
the  rising  and  setting  of  the  sun  and  stars  are  appearances  really  due  to  the  diurnal 
rotation  of  the  earth,  and  not  to  the  motions  of  the  celestial  bodies  themselves,  is  a 
truth  not  so  obvious  to  the  senses  as  the  spherical  figure  of  the  earth,— at  least,  till 
voy  lately,  no  contrivance  had  been  thought  of  to  render  this  rotation  visible  to  our 
eyes.  But  there  are  means  now  of  ahotoing  that  the  earth  turns  round;  so  that  wo 
may  have  the  same  visible  proof  of  its  diurnal  revolution  that  we  have  of  its  general 
figure.    This  will  be  explained  when  we  come  to  treat  of  Nauticax  Astbonomt. 

That  the  rotation  is  daily  performed  in  exactly  the  same  invariable  period  of  time 
•^withoat  the  difference  of  a  single  second — is  proved  by  innumerable  observations. 
Age  after  age,  the  same  spot  on  the  earth,  after  the  lapse  of  the  same  interval  of  time, 
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invariably  returns  to  the  same  fixed  star ;  -which  could  not  be  the  case  if  there  were  ■ 
the  slightest  irregularity  in  the  diurnal  rotation  of  the  earth.    Nor  could  such  be  the 
case  if  the  diameter  round  which  the  rotation  is  performed  were  shifted. 

Admitting,  then,  from  facts  such  as  these,  that  the  earth  is  a  sphere, — or  that,  at 
least,  it  differs  from  ^  sphere  so  little  as  for  the  purposes  of  navigation  to  be  of  no 
moment,-*that  it  revolves  uniformly  once  in  twenty-four  hours, — ^and  that  the 
diameter  about  which  it  turns  is  invariable,  we  may  proceed  to  the  following 
definitions  :— 

DfiPiNrnoNB. 

1.  Axis. — The  diameter  about  which  the  earth  performs  its  daily  revolution  is  called 
the  axis  of  the  earth :  the  revolution  about  this  axis  is  from  west  to  east. 

2.  Foles, — ^The  extremities  of  this  diameter  are  called  the  poles  of  the  earth;  The 
extremities  of  any  diameter  of  a  sphere  are  also  called  poles — the  poles,  namely,  of  that 
great  circle  of  the  sphere  the  circumference  of  which  is  at  every  point  of  it,  at  the 
same  distance  from  each,  this  distance  being  a  quadrant,  or  90° :  these  same  }>oint8  are 
alflo  spoken  of  as  the  poles  of  every  stnall  circle  parallel  to  the  great  circle  just  men- 
tioned ;  but  from  the  circumference  of  any  small  circle  the  poles  are,  d  eourBe,  at 
unequal  distances. 

3.  Equator. — The  equator  is  that  great  circle  of  the  earth,  the  axis  of  whidi  is 
perpendicular  to  the  plane  of  that  circle  :  the  poles  of  the  equator  are  the  poles  of  the 
earth.  These  poles  are  called— one  of  them  the  Nobth  polb,  and  the  other  the  South 
POLB.  Whenever,  in  navigation,  we  speak  of  the  poles,  the  poles  of  the  earth — that  is 
of  the  EquatOT-— are  always  to  be  understood. 

4.  Meridiam.^Eyerj  semi-circle  which  terminates  at  the  two  poles,  and  which  is 
therefore  perpendicular  to  the  equator,  is  called  a  meridian :  it  is  said  to  be  the  xseridiaA 
of  each  place  on  the  earth  through  which  it  passes.  For  the  convenience  of  Navigation 
and  Geography,  every  civilized  kingdom  selects  one  of  these  innumerable  meridiami  as 
a  meridian  of  reference;  it  is  usually  that  which  passes  through  the  national 
observatoiy,  or  the  principal  city,  and  is  called  the  Jirst  meridian.  In  this  country 
the  first  meridian  is  that  of  Greenwich ;  in  France,  it  is  that  of  Paris. 

The  plane  of  every  meridian  (as  also  the  plane  of  the  equator)  is  conceived  to  be 
extended  to  the  heavens,  and  to  mark  out,  on  the  celestial  sphere,  the  celestial  meridian 
of  the  place.  The  apparent  daily  motion  of  the  sun  and  stars  is  across  the  celestial 
meridians ;  the  path  of  a  ship  easterly  or  westerly  is  across  the  terrestrial  meridians ; 
but,  in  general,  the  distinctions  terrestrial  and  celestial  are  dropped :  a  ship,  cannot  be 
on  a  celestial  meridian,  nor  a  star  on  a  terrestrial  meridian. 

6.  Latitude. — The  latitude  of  a  place  on  the  surface  of  the  earth  is  the  distance  of 
that  place  from  the  equator,  measured  on  the  meridian  of  the  place.  Latitude  is, 
therefore,  either  north  or  south  :  a  place  cannot  exceed  90''  in  latitude,  this  being  the 
latitude  of  each  pole. 

6.  Parallels  of  Latitude.^ A  small  circle  on  the  globe,  parallel  to  the  equator,  is 
called  a  paralUl  of  latitude :  every  point  on  the  circumference  of  such  a  circle  has  the 
same  latitude,  as  the  parallel  is  everywhere  equi-distant  from  the  equator.  The  arc  of 
a  meridian,  interoepted  between  two  such  parallels  drawn  through  any  two  places  on 
the  globe,  measures  the  difference  of  latitude  of  those  places.  When  the  places  are  both 
on  the  same  side  of  the  equator — ^that  is,  both  north  or  both  south,>->their  difference  of 
latitude  is  found  by  subtraction ;  when  they  are  on  opposite  sides  of  the  equator,  tkeip 
difference  of  latitude  is  found  by  addition. 
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JJMtffitude^— The  longitude  of  any  placo  on  the  eartli's  surface  is  the  arc  of  the 
iquator  interoepted  between  the  meridian  of  that  place  and  the  Jfnt  meridian :  it  is 
estimated,  Kke  latitude,  in  degrees  and  parts  of  a  degree,  and  is,  of  course,  the  measure 
of  the  angle  at  the  pole  included  between  the  two  meridians  spoken  of.  When  the  place  is 
to  the  east  6t  the  first  meridian,  it  has  east  longitude ;  when  to  the  west,  west  longitude. 
As  every  place  on  the  surface  of  the  earth  performs  a  complete  revolution  in  twcnty- 
fSrar  hmin,  15°  of  longitude  become  the  measure  of  one  hour  of  time ;  the  whole  360° 
of  the  equator,  and  of  erery  parallel  to  it,  haying  the  measure  of  twenty -four  hours. 
Longitude  is  thus  sometimes  expressed  in  time ;  a  place  4^  oast  of  the  Meridian  of 
Greenwich  is,  for  instance,  said  to  be  three  hours  east  of  Greenwich.  It  is  necessary 
to  preoiBion  that  tiie  latitude  of  a  place  should  be  designated  either  north  or  south,  . 
aoQording  as  it  is  situated  in  the  northern  or  southern  hemisphere ;  but  the  distinction 
of  longitude  into  east  and  west  is  imnecessary  and  inconyenicnt.  "  It  would  add 
greftdy  to  systematio  regularity,  and  tend  much  to  ayoid  confusion  and  ambiguity  in 
ooinpiitatkMas,  were  this  mode  of  expression  abandoned,  and  longitudes  reckoned 
invteiably  westward  from  their  origin  round  the  whole  circle  fix)m  0  to  360®."* 
In  the  present  mode  of  reckoning,  however,  longitude,  like  latitude,  is  of  two 
denoQinationfl ;  so  that  the  difference  of  longitude  of  two  places  is  found  sometimes 
by  subtraction  and  sometimes  by  addition :  by  subtraction,  if  both  places  are  on  the 
same  side  of  the  first  meridian ;  and  by  addition,  if  they  lie  on  opposite  sides :  the 
limit  of  longitude,  whether  east  or  west,  is  of  course  180%  A  place  of  which  the 
longitude  is  180**  is  on  the  meridian  opposite  to  that  of  Greenwich. 

The  learner  must  bear  in  mind  that,  in  Geography  and  Navigation,  the  meridian  of 
a  place  is  limited  by  the  poles  of  the  earth :  it  is  the  semicirclo.  passing  through  the 
place,  and  terminating  in  the  north  and  south  poles.  As  already  remarked,  the  terres- 
trial meridian  is  extended  to  the  concavity  above  us,  and  marks  out  the  corresponding 
celestial  meridian.  Certain  stars  which  are  observed  to  come  to  this  meridian  are  seen 
to  pass  th9  opposite  meridian  without  setting;  but  the  distinction,  noticed  above, 
between  a  meridian  and  the  opposite  meridian  is  not  preserved  here:  the  star  is 
generally  said  to  come  to  the  meridian  twice — once  above  and  onc^  below  the  pole.  In 
the  case  of  a  ship,  however,  sailing  round  the  polo  from  one  meridian  to  its  continua- 
tion, it  is  always  said  to  have  arrived  at  tha  opposite  meridian,  and  to  have  advanced 
ISO**  in  longitude. 

Sorizon^ — The  horizon  of  any  place  is  a  plane  conceived  to  touch  the  surface  of 
the  earth  at  that  place  and  to  be  extended  to  the  heavens— that  is,  to  the  region  of  the 
remotest  of  the  staj^.  This  plane  is  called  the  sensible  horizon,  A  plane  parallel  to  this,  ' 
but  passing  through  the  centre  of  the  earth,  is  called  the  rational  horizon.  These  two 
imaginary  planes,  though  separated  from  each  other  by  an  interval  equal  to  the  scmi- 
diameter  of  the  earth,  cannot  but  be  regarded  as  coincident  at  the  distance  of  the  stars. 
An  eye,  whether  at  the  centre  of  the  earth  or  at  the  point  on  its  surface  immediately 
over  it,  would  see  a  star  in  precisely  one  and  the  same  direction :  the  altitude  of  if, 
referred  to  the  rational  horizon,  would  bo  exactly  the  same  as  the  altitude  referred  to 
the  sensible  horizon.  The  observer  at  the  centre  sees  the  star  higher  above  his  horizon 
(that  is,  the  parallel  to  the  sensible  horizon)  than  the  observer  at  the  surface  sees  it 
above  his,  by  the  apparent  interval  between  the  two  horizons,  at  the  distance  of  the 
star;  which  interval,  however,  although  we  hero  call  it  apparent,  is  in  reality  too  minute 
to  appear  as  any  interval  at  all. 

•  Sir  John  HerscheL  ' 
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An  eye  situated  above  the  surface  of  the  earth,  as  is  always  practically  the  case,  has 
an  horizon  different  from  the  sensible  horizon :  the  latter  is  an  extended  plans;  the 
former  is  a  eonieal  sur/aee,  eyerywhere  dipping  below  the  sensible  horizon,  and  of  wider 
yisible  boundary.  A  very  moderate  elevation  aboye  the  surface  will  ^ye  a  sensible 
increase  to  the  observed  altitude  of  a  heavenly  body,  namely,  the  whole  of  the  angular  dis- 
tance between  the  two  horizons — the  whole  of  what  maybe  called  the  angle  of  the  dip. 

The  apparent  circular  boundary  of  the  sea,  as  seen  by  an  eye  thus  elevated  above 
its  surface,  is  called  the  visible  or  sea-horizon  ;  or  more  frequently  by  saUors,  the  effing. 

The  Compass. — ^The  straight  line  through  any  place,  in  which  the  plane  of  the 
meridian  of  that  place  cuts  the  sensible  horizon,  is  called  the  horizontal  meridian,  or 
simply  the  meridian  line,  or  the  north  and  south  line ;  and  the  horizontal  straight  line 
perpendicular  to  this  is  the  east  and  west  line  of  the  horizon.  The  horizon  is  repre- 
sented in  miniature  by  a  circular  card,  connected  with  a  magnetized  needle,  which 
points  out  the  direction  of  the  horizontal  meridian,  and  consequently  also  that  of  the 
east  and  west  line  :  the  points  thus  marked  out  on  the  rim  of  the  card,  namely,  the 
North,  South,  East  and  West  points,  are  called  the  four  Cardinal  Points  of  the  compass; 
the  quadrantal  arcs,  intermediate  between  these,  are  subdivided  each  into  eight  equal 
parts  called  also  points,  and  these  again  each  into  four  equal  parts  called  quarter-points. 


/ 


The  accompanying  engraving  is  a  representation  of  the  Mariners*  Compass,  divided  into 
its  thirty-two  points,  with  the  intermediate  quarter-points  also  marked. 

This  important  instrument  is  so  suspended  on  ship-board  as  always  to  assume  a 
horizontal  position  under  every  change  of  motion  in  the  vessel,  so  that  the  direction  in 
ik6jc6  the  ship  ia  Bailing  at  any  time  is  always  known  by  observing  what  point  is  in 
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that  direction ;  that  if,  in  general,  what  point  coincides  with  the  line,  through  the 
centre  of  the  compass-card,  from  stem  to  stem  of  the  ship. 

It  if  of  importanoe  to  mention,  howerer,  that  the  magnetic  needle  does  not  point 
aeeuratelj  north  and  south ;  the  points  to  which  it  U  directed  are  called  the  magnttie 
nortli.and  south :  and  the  angular  departure  from  the  true  north  and  south,  at  any 
plaoe,  is  called  the  pariation  of  the  compass  at  that  place.  Its  amount  may  he  dis- 
covered, and  the  necessary  corrections  for  it  made,  hy  Nautical  Astronomy. 

Cbunet.—'A  line  on  the  globe,  which  cuts  the  successive  meridians  at  the  same 
angle,  is  called  a  rhumb'Um  ;  it  marks  the  track  of  a  ship,  the  constant  angle  referred 
to  being  called  the  ship's  eoune.  It  is  indicated  by  the  compass ;  but  if  no  corrections 
be  made  for  variation,  the  course  thus  indicated  is  called  the  eompoM-eourae ;  after 
correction  and  allowance  for  what  is  called  deviation,  it  is  the  true  course.  These  modi- 
fications of  the  compass  courses  will  be  more  fully  noticed  in  the  Nautical  Astronomy. 
Xencwy. — ^Another  correction  of  the  course  is  also  frequently  requisite.  The  ship*s 
progress  is  not  always  in  the  direction  of  her  length ;  the  wind  often  impels  her  side- 
ways, or,  as  it  is  caUed,  to  lutoard  of  the  line  from  fore  to  aft  The  necessary  allow- 
ance for  this  divergence  firom  the  path  indicated  by  the  compass  is  the  correction  for 
leeway;  its  amount  can  be  estimated  only  by  practical  experience. 

Bate  of  Sailing. —Tha  rate  at  which  a  ship  sails  on  any  course  is  measured  by  an 
instrument  called  the  log,  and  a  line  attached  to  it  called  the  log-line,  about  120 
&thom8  in  length.  The  log  is  a  piece  of  wood  in  shape  of  a  sector  of  a  circle,  and 
with  its  arc  or  rim  so  loaded  with  lead  that,  when  thrown  into  the  sea,  it  stands 
vertically  in  the  water,  with  only  its  centre  just  above  the  surface.*  The  log-line 
being  so  attached  as  to  keep  the  &oe  of  the  log  towards  the  ship,  in  order  that  it  may 
offer  the  greater  resistance  to  being  dragged  after  it ;  the  length  of  line  unwound  from 
a  red,  by  the  advancing  motion  of  the  vessel,  in  half-a-mintUe,  gives  the  distance  run 
in  that  time,  and  thus  is  inferred  the  rate  of  sailing.  The  log-line  is  divided  into 
equal  parts  by  means  of  a  bit  of  string  passed  through  the  strands  and  knotted, 
the  number  of  knots  showing  the  number  of  parts--each  part,  which  is  the  120th 
of  a  nautical  mile,  is  hence  called  a  JKhot;  so  that  as  many  knots  as  are  run 
out  in  half-a-minute,  or  the  120th  of  an  hour,  so  many  nautical  miles  per  hour 
is  the  ship's  rate  of  sailing.  SaUors  thus  say  that  the  rate  is  so  many  knots  an 
hour,  meaning  so  many  nautical  miles  an  hour.  A  nautical  mile  is  the  60th  part 
of  a  degree  of  the  equator  or  of  the  meridian,  that  is,  about  6,080  feet.  When  the  log 
is  ?tove,  about  ten  or  twelve  fathoms  of  line  are  suffered  to  run  out  before  the  counting 
commences ;  this  is  called  the  slrajf-line,  which  is  an  allowance  for  letting  the  log  go 
clear  of  the  ship,  and  settle  in  the  water.  As  soon  as  the  end  of  the  stray-line,  which 
is  marked  by  a  bit  of  red  cloth,  passes  from  the  reel,  the  half-minute  commences.  The 
time  is  measured  by  a  sand-glass,  which  runs  out  in  thirty  seconds,  and  which  is 
turned  when  the  end  of  the  stray-line  passes,  and  the  line  is  stopped  as  soon  as  the 
sand  has  run  out. 

A  JDa^s  Wbrh — By  a  day's  work  is  meant  the  ordinary  daily  operations  at  sea  to 
determine  the  position  of  a  ship,  and  the  advances  made  from  noon  till  noon;  it 
consists  in  keeping  a  record  of  the  compass-courses  sailed  in  the  interim,  of  the 
different  rates  of  sailing,  of  the  variation  of  the  compass,  the  velocity  and  direction  of 
ouxrents,  Ac,  &o.,  and,  finally,  of  the  latitude  and  longitude  in.  These  paxtvcvilsx^^  ^& 
they  become  known,  are  recorded  on  the  log-board,  and  the  latitude  viA  Vm^\.M^< 
j         •  This  is  tli#  eommcn  log,  etUl  too  much  used ;  a  more  accarale  instrameuX  \ft  lA^aMC^  «\o%. 
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finally  deduced,  is  called  the  dead  reckoning^  or  the  latitude  and  longitude  by  ateotmt 
The  particulars  of  the  log-board  are  transferred,  from  day  to  day,  to  the  log*hook  ;  and^ 
with  the  addition  of  whateyer  else  may  give  the  necessary  completeness  to  the  xecord^ 
the  astronomical  observations  made  to  correct  the  dead  reckoning,  the  state  of  the  viad 
and  weather,  the  bearings  of  points  of  land,  &c,  &c., — ^form  i^Q  journal  of  the  TdyBfs^ 

Points  of  th«  Compass. — ^The  following  table  gives  the  several  angles  Krhich 
the  different  points  of  the  compass  make  with  the  meridian,  as  also  the  angles  for  the 
quarter-pcnntiA  :— 


N.  b,  E. 


N.  X.E. 


K.E.  b.  N. 


N.E. 


K  J:.  b.  E. 


E.N.E. 


E.  b.  N. 


/  ^.  / 


N.  b.  W. 


X  K.W. 


K.W.  b,  K 


X.W. 


X.W.  b.  W. 


W,  N.W. 


W.  b.  K. 


W. 


1 

4 

2M9' 

i 

fi°  37J' 

i 

8°  26' 

I 

11°  15' 

U 

14'    4' 

n 

16»  52J' 

If 

19-*  41' 

2 

22°  30' 

H 

25°  19' 

2i 

28°    7i' 

2| 

80°  66' 

3 

SSMS* 

3J 

36*  34' 

3i 

39°  22J' 

3| 

42°  11' 

4 

45°    0' 

4J 

4r49' 

4J 

5(r  37i' 

4! 

53°  26' 

5 

56°  15' 

6i 

59°    4' 

6i 

61°  52^' 

5J 

64°  41' 

€ 

67**3(r 

H 

70**  19' 

Gl 

73°    7i' 

6| 

75"  56' 

7 

78°  45' 

7i 

8r  34' 

7J 

84°  22^' 

75 

87°  11' 

8 

90°    0' 

S.  b,  E. 


S.  S.E. 


S.E.  b.  8. 


S.E. 


S.E.  b.  E. 


E.  S.E. 


E.  b,  S. 


E. 


8.  b.  W. 


S.  S.  W. 


S.W.  b.  S. 


S.W. 


s.w.  J.  ^Y. 


w.  s.w. 


w.  i.  s. 


w. 
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The  angles  in  the  abore  table  nowhere  differ  from  the  truth  by  more  than  a  quarter 
of  *  miniite ;  a  degree  of  accuracj  amplj  iti£Soient  for  all  the  purpoies  for  wbieh  it  ia 
need.  It  ia  neooaeary  that  the  leamor  ehould  commit  this  table  to  memory— at  Icaat, 
•0  £»  aa  to  be  able  to  atate,  without  reference  to  it,  how  many  points  any  of  these 
euuiiMy  or  rhuBiba,^are  distant  from  the  meridian,  or  north  and  south  line ;  as  each 
pemi  ia  ll"*  Id*,  the  angle  corresponding  to  any  number  of  points  ia  easily  deduced. 
Bepeating  the  pointe  in  order,  completely  round  the  compass,  as  figured  at  page  4,  or 
ieoQidiag  to  this  table,  is  called  by  sailors  boxmff  the  compass. 

We  ahflill  now  proeeed  to  consider  the  various  sailings,  first,  however,  making  a  IIbw 
Mif  remarks  in  referenoo  to  the  data,  or  observed  conditions  upon  which  the  computa- 
tiou  in  the  fbllowing  aarticlea  are,  in  general,  to  be  founded. 

FiOH  what  has  been  explained  in  the  preceding  pages,  the  learner  will  perceive 
Aat  the  principal  measurements  made  at  sea  to  determino  the  place  of  a  ship,  inde- 
pemhently  of  aatfonomioal  observations,  ere  the  measurements  of  tho  eaune  sailod  on, 
lad  th«  rai$  of  sailing.  From  the'^accoimt  given  of  tho  means  and  instruments 
anployed  for  these  purposes,  he  must  see  that  tho  results  furnished  by  them  can 
•Barofly  ever  be  regarded  as  rigorously  correct.  The  compass-oard,  valuable  and 
udi^ensable  as  it  k,  has  no  divisions  upon  it  to  distinguish  angles  which  differ  from 
oaeanotiier  by  less  than  a  degree;*  such  differences,  therefore,  in  steering  a  ship, 
have  to  be  roughly  estimated  hj  gpiess — the  course  is  thus  liable  to  error  to  some 
6iteiit»  Again,  the  rate  of  sailing,  aa  measured  by  the  log,  is  equally  exposed  to  error 
from  the  very  nature  of  the  operation,  and  thus  the  distance  run  on  any  conrse  oannot 
be  determined  with  strict  accuracy.  Even  if  these  sources  of  error  could  be  obviated, 
jet  winds,  currents,  swells  of  the  sea,  and  the  various  other  accidents  to  which  a  ship 
is  exposed,  and  which  all  act  as  disturbing  causes,  would  often  seriously  affect  the 
eorrectness  of  the  position  of  the  vessel,  as  deduced  from  the  dead  reckoning. 

The  aim  of  the  eareful  and  experienced  nnrmer  is  to  be  on  the  look-out  for  these 
ectemal  influences,  and  to  allow,  as  best  he  can,  for  their  effects ;  matters  in  reference 
to  which  there  is  room  for  the  exercise  of  much  practical  tact  and  judgment. 

These  allowancea  being  made,  the  courses  on  the  log-board  are  modified  accord- 
iig^y,  and,  being  corrected  for  the  variation  and  local  deviation  of  the  oompass,  the 
actual  distance  mo^e,  as  also  the  difference  of  latitude  and  longitude  since  the  pre- 
ceding noon,  are  computed,  and^  tho  latitude  and  longitude,  by  account,  arc  thus 
ascertained. 

These  last  important  particulars — the  latitude  and  longitude— being  derived  from 
data  so  exposed  to  error,  can  be  regarded,  at  best,  as  only  approximately  true ;  and 
therefore  the  properly  qualified  navigator  loses  no  opportunity  to  correct  his  dead 
reckoning  by  employing  the  more  sure  and  certain  methods  which  nautical  astronomy 
supplies.  In  the  following  articles,  however,  none  of  these  can  be  introduced ;  the 
object  of  this  pkrt  of  our  subject-  is  to  treat  exclusively  of  what  concerns  the  dead 
reckoning ;  and  we  shall,  throughout,  suppose  that  proper  allowance  for  the  variation 
of  ^he  compass^  for  the  leeway,  &c.,  have  been  made,  and  that  the  courses  concerned 
are  the  true  courses.  The  methods  for  ascertaining  the  variation  of  tho  compass  must 
be  deferred  till  we  come  to  treat  of  Nautical  Astronomy. 

•  Tke  outer  edge  of  the  card  it  dlTidcd  into  360  degrees ;  bat  as  it  is  difficult  to  steei  «h  «\^^  V(^  >S(i« 
nicety  which  these  dlTisions  imply,  the  msTlu  on  the  extreme  rim  ot  the  compSkaft-cAx^vt^w^^^ssoL 
much  attended  to  ty  marfnen. 


\ 
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Plane  SmiUng, — Invest i^atian  of  th^  ThtoreikiU  Fmrnpi^^—Jj^  iKt  annexed 
diagTflsj  repreaent  thu  globe  of  tlie  earth,  P  Tieing  one  of  its  polesj  and  EQ  tlie  equator. 
Let  AB  be  a  rhumb-line  or  track  of  a  ship  on  a  single  courae.    Imagine  this  oblique 

path  to  be  divided,  by  eqnidifltant 
meridians,  into  portions  A^,  h,  cd,  &c., 
so  small  that  each  portion  may  dl^ 
in^eusiblj  &om  a  straight  line  ;  aod, 
as  in  the  figure,  let  .the  parallcla  of 
latitude  h'b^  <fi;  Sd^  &c.,  be  drawn. 
A  series  of  triangles  kbb\  hec  cdd^^ 
&G.|  will  thus  be  formed  on  the  sur- 
face  of  the  sphcref  &q  small  that  each 
may  be  practically  regarded  ni^  a  piattt 
triangle.  It  is  obvioua  that  this  may 
be  conceived  witboiit  any  seniibk 
violation  of  stdct  accuiacy.  The 
triaDglea  thuB  described,  and  thtae 
a&Humed  to  be  plane  trianglcSf  aro  all 
aimiiar  ;  for  the  angles  at  A',  ^j  <f ,  &c,j 
are  all  right  angles  and  the  ahip*i 
tiac^  ctita  CTCty  meridian  which  it 
Coneeguently,  by  Euidid,  Prop.  4,  Book  YL,  we  have  the 

Ah  :  A&'  11  h^  I  &c*  II  €d  t  ed'  &c., 

and  therefore,  (Euclid,  Prop.  5,  Book  V-i  or  Pi?op,  10  of  the  Treatlie  tm  Proportion  io 
the  CincLE  of  the  Sciej^ces) 

AA  :  Afi'  : :  Aa  +  a*  +  «r  +  &e.,  :  AA'  +  V  +  *d'  +  &c. 

Hut  Ah  -^  ha  -\-  cd  -\:-  &.C.J  is  the  whole  distance  sailed  on  the  eonrae,  and  AS'  4*  ^  + 
ffif  -\-  &C.>  is  the  difference  of  latitude  AC  hetwcen  A,  the  plaee  left^  and  B,  the  plaCft 
arrived  at.  Consequently,  if  a  right-angled  triangle,  aimilar  to  the  little  right-angled 
triangle  AW,  be  constructed,— that  ie,  a  nght-angled  trisBgile,  in  which  A  ia  the  angle 
of  the  courae^  and  if  the  hypotenuse  AB  be  made  to  represent  the 
distance  sailed,— that  is,  the  track  AB  on  the  glohc,^ — then,  ebviously, 
the  perpen^cular  AC  wiU  represent  the  difference  of  latitude,  while 
the  base  CB,— the  side  opposite  to  the  couTsc,^will  represent  the 
sum  of  all  the  minute  departure*  which  the  ship  makes  from  the 
Buecesfiive  meridianB  which  it  croiaes  i  for  since 


crosses  at  the  same  angle, 
proportions 


A^ 


Ah  :  W  ::    h^    :    cc   :  :  ed  :  rf^,  &c- 
W  I.  Ab  +  bc-[-cd+  &c.  :U'  ^i^  +  dd'  +  &G. 


and  ainc^  hy  construction  AB  ^  AA  +  &<;  +  «l  +  &c.,  therefore  BC  ^- hb'  -\-  ti^  + 
dd*  +  &c.  The  length  BC  is  called  the  departure  made  by  the  ahip  in  sailing  from 
A  to  B ;  and  it  therefore  follows  that  the  distance  saOed,  lie  difference  of  latitude 
jnadej  imd  the  departure,  may  be  r&prcBcntcd  by  the  sides  of  a  right-angled  plant 
triangle,  the  angle  oppoixto  to  the  departure  heing  the  angle  of  the  course. 


DEDUCTION  OF  PRACTICAL  RULES. 
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Henoe,  vhen  any  two  of  the  four  things— Distance,  DifEisrence  of  Latitude, 
Departure,  and  Course, — arc  known,  the  remaining  two  may  be  determined  by  the 
■dlutioii  of  a  right-angled  plane  triangle ;  so  that,  as  far  as  these  particulars  are 
oonoenied,  the  results  are  the  same  as  if  the  ship  were  sailing  on  a  plane  surface,  the 
meridiaas  being  replaced  by  parallel  straight  lines,  and  the  perpendiculars  to  these 
taken  fi>r  the  parallels  of  latitude.  It  is  thus  that  that  part  of  Navigation  which  is 
ecmoemed  only  with  the  four  things  just  mentioned  is  called  Plaks  Sailing. 

The  Une  BC,  or  the  side  of  the  right-angled  triangle  opposite  to  the  course,  is  not 
the  repareaentation  of  any  corresponding  line  on  the  globe :  it  is  the  entire  sum  of  all 
tilie  minute  departures  made  by  the  ship  in  passing  from  meridian  to  meridian,  fix>m 
A  up  to  B. 

The  foregoing  inyestigation  comprehends  the  whole  mathematical  theory  of  Plane 
SaiHng,  into  which,  it  will  be  observed,  the  consideration  of  Umgitude  does  not  enter. 
The  attentive  reader  will  perceive  that  in  replacing  the  spiral  track  of  a  ahip's  run, 
and  th«  great  circle  arc  which  measures  the  difference  of  latitude  made  good  in  that 
ran,  by  tiie  hypotenuse  and  perpendicular  of  a  right-angled  triangle  drawn  upon  a 
fkme  tmfaeey  we  sacrifice  not  the  slightest  amount  of  acciuncy.  It  is  shown  above, 
that  if  this  spiral  track  were  unbent  into  a  straight  line  AB,  and  at  one  extremity.  A, 
of  this  straight  line  a  plane  angle  equal  to  that  of  the  course  were  made  by  AC,  and  the 
perpendicular  BC  drawn,— it  is  shown  that  AC  must  accurately  represent  the  difference 
of  latitnde  and  BO  the  departure. 

It  cannot  be  any  objection  to  this  conclusion  that  we  have  taken  small  triangles  on 
the  sphere  to  be  plane  triangles ;  for  the  reasoning  fixes  no  limit  to  the  degree  of 
smallness  of  the  sides ;  nor  must  it  be  understood  that  we  have  assumed  the  sphere, 
on  which  these  triangles  are  assumed  to  be  figured,  to  be  itstlf  a  plane.  The  assump- 
tion extends  only  to  the  length  of  supposing  the  sphere  to  present  a  succession  of 
triangular  plane  faces;  and  as  each  face  is  contracted  to  any  degree  of  minuteness, 
the  error  of  this  supposition  ultimately  disappears. 

As  a  corollary  to  what  is  proved  above,  we  may  add  that — ^In  sailing  upon  a  single 
ihumb,  the  differences  of  latitude  made  are  proportional  to* the  distances  run.  And 
from  the  theory  of  the  right-angled  triangle  established  in  the  Intboduction,  we  have 
an  the  proportions  usually  given  on  this  part  of  the  subject  in  books  on  Navigation ; 
they  are  expressed  as  follows : — * 


I.  Badius 

:  sin  Course 

:    Distance  sailed 

Departure. 

11.  Badius 

:  cos  Course 

:    Distance  sailed 

Diff.  Latitude. 

III.  cos  Course 

:  Badius 

:    Diff.  Latitude 

Distance  sailed. 

IV.  Badius 

:  tan  Course 

:    Diff.  Latitude 

Departure. 

Y.  Distance  sailed 

:  Diff.  Latitude 

:     Badius 

cos  Course. 

VI.  Distance  sailed 

:  Departure 

Badius 

sin  Course. 

VII.  Sin  Course 

:  Badius 

:    Departure 

Distance  sailed. 

VIII.  Tan  Course 

:  Badius 

:     Departure 

Diff.  Latitude. 

IX.  Diff.  Latitude 

:  Departure 

:    Badius 

tan  Course. 

If  the  table  of  natural  sines,  cosines,  & 

c,  be  used,  then  Bad 

lus  =  1 ;  if  the  table 

*  We  have  tlumght  it  u  irell  to  ezprcBS  the  rules  and  formnln  giren  in  the  lyTRODrcnoir,  in 
the  form  of  proportions  here,  as  seamen  are  more  aoenttomed  to  nse  them  in  this  shape ;  but  the 
reader  of  the  Introdoetion  will  see  that  this  Rule-of-Three  arrangement  of  the  terms  employed  is 
not  neoessary,  and  he  may  therefore  adopt  it  or  not,  ashe  pleasee. 
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of  logarithmic  sinefl,  cosines,  &c.,  be  used— and  ihej  are  employed  by  seamen  too 
indiscriminately — ^then  log  Radius  =  10. 

In  all  books  on  Karigation  tiie  latter  tables,  ezclusiyely,  toe  referred  to ;  Imt,  ta 
already  stated  in  tbe  Introduction,  we  would  recommend  a  departure  firool  tins 
practice :  we  shall,  therefore,  in  general,  exhibit  the  calculations  by  both  tables. 

It  is  not  considered  necessary,  in  the  examples  that  follow,  to  introdnee  dia^rami 
of  the  several  triangles ;  but  the  learner  should  always  roughly  sketch  the  suitable 
triangle  himself,  obserring  that,  as  is  usual  in  maps,  the  top  of  the  page  is  to  be 
regarded  as  North,  and  the  bottom  as  South ;  the  right-hand  side  East,  and  the  kft 
West.  In  sketching  his  right-angled  triangle,  therefore,  he  should  first  draw  the  N. 
and  S.  line,  or  the  horizontal  meridian,  and  then  take  a  portion  of  it  for  the  diffbrenee 
of  latitude,  drawing,  from  the  latitude  reached,  the  base  of  the  triangle,  to  lepresent 
the  departure — ^to  the  riphi  if  the  departure  be  east,  and  to  the  left  if  it  be  west  The 
hypotenuse  wiU  then  represent  the  distance  sailed,  and  the  angle  between  it  and  the 
difference  of  latitude,  the  course.  It  will  be  as  well  to  regard  the  rertex  of  this  angle  as 
at  the  centre  of  the  oompass-card,  since  it  is  the  centre  of  the  sensible  horizon  at  starting 
on  the  course,  and  thus  no  mistake  can  be  made  as  to  which  side  of  the  meridian  line 
the  angle  of  the  course  is  to  lie  on,  or  whether  its  opening  be  upward  or  downward. 


1.  A  ship  from  latitude  47°  30'  N.,  has  sailed  S.W.  by  S.,  a  distanos  of  98  miles : 
what  latitude  is  she  in,  and  what  departure  has  she  made  ? 
The  course  being  3  points  is  33"*  45' :  hence— 

1.  Toflndthediff.ht. 


By  logarithms. 

Asrad.    . —10 

:  cos  course,  33°  45',    .     .     .         9*9199 
::  distance  =  98      ....         19912 


diff.  lat  =  81-49 


19111 


"Without  logarithms. 

diff.  lat.  =  cos  course  X  distance. 

cos  course,  83"  45',      ....        -SSl^ 

distance ,  98 


diff.  lat. 


66520 
74835 

=  81-487 


Hence  the  difference  of  latitude  is  81 '49  miles,  S. 

2.  To^nd  the  departure. 


By  logarithms. 

Asrad —  10 

:  sin  course,  33*  45',     .     .     .        9-7447 
::  distance  =  98 1-9912 

:  departure  ==  54-44     .    .     .        1-7359 


Without  logarithms, 
dep.  =  sin  course  X  distance. 

sin  course,  83**  45', "5556 

distance 98 


44448 
50004 

54-4488 


Hence  the  departure  is  54-45  miles,  W. 

The  latitude  from    ...     47°  30'  N. 
TkedifEerenceoflal.    .    .      l»2rS. 


Latitude  in 


W    9'N. 


^   81  , 

W   ^  degrees  ==  1*  21' 

Departure  54|  mileg,  W. 


USB.  OF  THB  TKAYKBSB  TABLE. 
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The.  example  is  here  worked  by  computation ;  there  ii  another  way  of  obtaining  the 
results—namely,  by  inspection.  This  latter  method  requires  referenee  to  a  table  ealled 
the  Traverse  Table,  and  which  is  te  be  found  in  every  coUeotioii  of  navigation  tables. 
The  table  is  arranged  muoh  lilce  a  table  of  sines  and  cosines ;  the  angles  of  the  courses 
are  inserted  at  the  top  of  the  page,  when  they  do  not  exceed  45%  and  at  the  bottom 
when  they  do,  and  the  distances 'are  placed  down  the  margin.  By  entering  the  table 
with  any  given  course  and  distance,  the  corresponding  difference  of  latitude  and 
departure  can  bo  taken  out  from  the  body  of  the  table. 

This  tabie  ia  a  TBty  umIhI  one  for  seamen,  as  it  computes  fat  him  the  two  foi-mula) 
worked  by  in  the  xii^hand  column  of  operations  above  ;.  that  is,  entering  his  table 
wiA  the  proper  course  and  distanoe,  he  finds,  under  the  r^spcc^ve  heads  *^  Lat."  and 
«Dep."tli6Yaluesof 

cos  course  X  distance,  and  sin  eourse  X  distance 
already  worked  out  for  him,  usually  as  far  as  two  places  of  decimals,  which  is  an 
extent  amply  sufficient  A  table  of  natural  sines  and  cosines  is  thus  all  that  is  wanted 
to  constniet  a  trayexse  table.  In  sneh  a  table  each  sine  and  cosine  is  multiplied  by  all 
distances  from  1  up  to  120,  which  is  the  ordinary  limit  to  which  the  columns  of 
distances  are  carried.  Distances  which  exceed  120  miles  may  be  cut  up  into  smaller 
distances^  and  the  portions  brought  within  the  compass  of  the  table. 

2.  Ajihip  from  latitude  47°  30*  N.,  sailing  N.W.  b  W.,  finds  that  she  has  made 
82  miles  of  departure  :  What  is  her  distance  run,  and  her  latitude  in  ? 

The  course  being  5  points  is  56''  15'|  henc^-* 


1.  Toflnd  the  distance. 


By  logarithwa. 

As  sin  eonrw,  56°  16'     .    . 

.  ^  »  9198 

: radius  ....... 

10 

::  departure  =  82     .     .     . 

1-9138 

:  distance  =  98*62   .    .     . 

1-9940 

Without  logarithms, 
dist.  =  dcp.  -T-  sin  course. 


sin  course,  56°  15'  ' 


•8,8,1,5)82    (98-6 
7484 

"716 
665 


.-.  distance  =  98*6  miles. 


51 
50 


1 


By  logarithms. 
As  tan  course,  56'' 15'    .     . 

:  radius 

: :  departure  sx  S2     .    .     . 

:  diClat  =  54*79  ... 


-  10-1751 
10 
1-9138 


2.  ToJImdthsdiff.Ut. 

Without  logarKlims. 
diff.  lat.  =  dep.  -i-  tan  course, 
tan  course,  56M5'    .     1-4,9,6,6)82     (548 
7483 

"717 
1-7387  509 

118 

119 

/.  Di£  lat.  =  54-8  miles    =  sFn. 
Latitude  from  .    .     .    .    47°  30'  "5^. 


Latitude  in ^^-^  a^'  ^. 
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3.  A  ship  Has  sailed  S.£.  6S.,  from  lat.  37"*  30*  N.  to  lat.  46°  8'  N.,  required  it 
distance  run  and  the  departure  made. 

The  course  being  3  points  is  SS**  46' ;  also||**-  f^^  JH  ^2'  S* 

I  lata  in      4o     o  iPi  • 

diC  lat.     l**  22'  N.  =  82  miles. 
1.  Tojlndthediitanei. 


By  logarithms. 

As  cos  course,  33°  46'     . 

-  9-9198 

:  radius 

10 

:    diff.lat.  =  82    . 

1-9138 

.-  distance  =s  98*62 

1-9940 

Without  logarithms, 
dist  =  diff.  lat.  -7-  00s  course, 
cos  course,  33°  46'    -8,3,1^)82      (98-62 
74836 


7166 
6662 


dist  =  98-62  miles 


613 
499 

14 
17 


By  logaritlmis. 
As  radius 

:  tan  course,  33°  46' 
::  diff.lat.=:82  ,    . 

:  departure  ==  64-79 


2.  To  find  th$  departure, 

"Without  logarithms. 
10  dep.  =  diffl  lat.  X  tan  course. 

9-8249  tan  course,  33°  46'  .        .  -06682 

1-9138  diff.  lat.  =  82,  reversed  .         28 


1-7387 


63466 
1336 

departure  =  64-792  mile 


4.  A  ship  from  lat.  60^  13'  N.,  while  sailing  on  a  course  between  south  and  ea 
a  distance  of  98  miles,  makes  82  miles  of  departure :  what  course  did  she  keep,  a 
what  latitude  did  she  arrive  at  ? 


1.  ToJindth9eour$$, 


By  logarithms. 
As  dist  =  98  .        .        .  —  1-9912 
:  dep.  ■=  82  .        .        .       1-9138 
::rad.     .        .        .        .10 


sin  coursci  66°  48' 


9-9226 


/ 


Without  logarithms. 


82       4 
sin  course  :=  dep.  -r-  dist.  =  qS  '^  4 

7)41 

7)  6-8671 
sin66M8'    .    .       -8367 
Hence  the  course  is  S.  66°  48'  £. 
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2.  ToJMthediff.  tat. 


By  logarithms. 
As  rad.  .        •  •  « 10 

:  oos  ooune,  56»  48*  0*7884 

::d]sta08         .        .  1-9012 


:  diff.  lat  =  53-66 


1-7206 


Without  logarithms, 
diff.  lat.  ss  dist  X  oos  course, 
cos  course,  66"*  48'      .  -6476 
dist  ^  08,  reversed   .       89 


49284 
4381 


diff.  lat.  =  53-665  miles  =  54' 


And  60«  13'  N.  —  54'  N.  =  49»  19'  N.,  the  lat.  in. 

5.  Yesterday  at  noon  we  irere  in  lat.  38**  32*  N. ;  and  this  day  at  noon  we  were 
ialat  36^  56'  N.  We  hare  run  on  a  sing^  course  hetwoen  S.  and  E.,  at  5)  knots  an 
hour:  required  our  course  and  departure. 


Lat.  from  88*  82*  N. 
Lat  in      36*  56'  N. 

Diff:  lat.     V  36'  K.  s  96  mUee 


2)24,  number  of  hours. 

120 
12 

132  miles,  the  distances 


1.  Ibjbulikeeoune, 


By  logarithms. 
Asdist        =132 
:  diff.  lat  =    96 
:  rad.  •        •        •        . 

cos  course,  43"*  20* 


By  logarithms. 

As  rad 

:  sin  course,  43"*  20'     . 
:  :  dist,  =  132       . 

:  dep.  =  90-58    . 


—  21206 
1-9823 
10 


9-8617 


Without  logarithms. 

dUt=: 
11)8 


cos  course  s=  diff  lat.  -r-  dUt  ==  .wh  =  r i 


cos  course,  43'  20' 


-7273 


.-.  the  course  is  S.  43*  20'  E.  =  S.E.ftS.  JE. 
nearly. 

2.  To  Jlndtk0  departure. 

Without  logarithms. 

—  10  dep.  =  sin  course  X  dist. 

9*8365      sin  course,  43°  20'    .        .  -6862 
2*1206     dist  =  132,  rerersed       .     231 


1-9571 


departure  ^  90-58  miles  £. 


6862 

2059 

137 

departure  =:  90-58  miles  E. 


The  foregoing  examples  hare  all  been  solved  by  computA^on%    k&  T^Tnaf&&^  ^\. 
page  11,  the  same  resnlta^  though  with  not  precisely  the  same  ttmovrciY.  oi  ^jc^^mt^^^.! 
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may  be  obtained  by  inspection  of  the  Traverse  Table.  There  is  also  a  third  method  of 
proceeding,  much  practised  by  seamen,  though  less  accurate  still,  by  which  the  required 
conclusions  may  be  reached :  it  is  the  method  of  construction.*  A  circle  is  described, 
and  the  north  and  south  line,  or  the  horizontal  meridian,  is  drawn  through  its  centre  ; 
then  from  a  scale  of  chords,  constructed  agreeably  to  the  radius  used,  which  radius  is 
of  course  the  chord  of  SO'*  on  the  scale,  the  chord  of  the  course  is  pricked  off  in  its 
proper  direction  from  the  N.  or  S.  extremity  of  the  meridional  diameter;  from  the  same 
extremity  a  line  is  then  drawn  thi*ough  the  point  of  the  circumference  before  marked  : 
this  is  the  line  of  distance,  or  hypotenusal  line,  and  the  line  already  drawn  through  the 
centre  is  the  line  of  difference  of  latitude :  whichever  of  these  is  given  is  now  to  be 
measured  off  from  any  scale  of  equal  parts,  and  the  right-angled  triangle  is  then  to  be 
completed  by  introducing  the  third  side^  which^  measured  from  the  same  scale,  will 
give  the  length  sought. 

In  this  Ulustraticm,  the  course  and  one  of  the  sides  including  it  is  supposed  to  be 
given ;  but  if  the  course  be  tmknown,  and  any  two  of  the  sides  of  [the  triangle  given, 
the  mode  of  proceeding  is  readily  suggested  from  that  above : — ^in  all  cases  we  have 
two  parts  of  a  right-angled  triangle  given  to  construct  the  triangle — a  simple  geometri- 
cal problem.  The  unmeasured  parts  are  then  to  be  measured,  the  angle  of  the  course 
from  the  scale  of  chords,  and  the  sides  from  the  scale  of  equal  parts  already  employed. 
We  shall  conclude  this  article  with  a  few  examples  for  the  exercise  of  the  learner :  he 
will  not  forget  that  the  given  courses  are  always  understood  to  be  the  true  courses,  that 
is,  the  compass  courses  corrected  for  variation,  local  deviation,  and  leeway.  The  means 
by  which  the  variation  of  the  c6mpass  is  ascertained  cannot  be  considered  here,  as  the 
subject  belongs  to  Nautical  Astronomy. 

Samples  for  Exercise  in  Siiiffle  Courses, 

1.  A  ship  from  latitude  48°  40'  N.  sails  N.E.  by  N.  296  miles;  required  the  de- 
parture made  and  the  latitude  in. 

Ans.  Departure  164-4  miles  E.     Latitude  in  52°.  46' N, 

2.  A  ship  from  latitude  49°  30'  N.  sails  N.W.  by  N".  103  miles :  required  her  de- 
parture and  the  latitude  in. 

Ans.  Departure  57-2  miles  W.     Latitude  in  50°  56'  N". 

3.  A  ship  from  latitude  47°  20'  N.,  sails  on  a  course  between  N.  and  E.  a  distance  of 
98  miles,  and  arrives  at  lat.  48°  42'  N. :  required  the  course  steered  and  the  departure 
made.  Ans.  CoursiB  N.  83*  12'  E.     Departure  53-7  miles  E. 

4.  A  ship  sails  S.K  J  E.  from  latitude  15°  65'  S.  till  she  is  found' by  observation  to 
be  in  latitude  18°  49'  S. :  required  her  distance  run,  and  departure. 

Ans.  Distance  274  miles.    Departure  212  miiles  E. 

5.  A  ship  from  latitude  34°  23'  S.  sails  between  the  south' and  west  till  she  reaches 
latitude  36°  34'  S.  and  finds  that  she  has  made  75  miles  of*  departure :  required  her 
course  and  distance  run.  Ans.  Course  S.  29°  47'  W.    Distance  161  miles. 

6.  A  ship  from  latitude  3°  16'  N.  sails  S.W.  by  W.  J  W.,  till  she  has  made  356 
miles  of  departure :  required  the  distance  sailed  and  latitude  in. 

Ans.  Distance  415  miles.    Lat.  in  17'  S. 

*  There  is  .j^lso  a  fourth  method— by  Gunteb's  Scalk-— which  it  is  not  worthwhile  to  dwell 
upon.  Any  mechanical  operation  with,  scale  and  compaases  is  nocessarily  aflfected  with  inaccuracy ; 
and  as  reference  to  the  Traverse  Tabic  requires  less  time,  and  famishes  truer  results,  it  is  always  to 
be  preferred  next  to  oomputation* 
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7.  A  ship  in  latitude  3"*  52'  S.,  is  bound  to  a  port  bcarlDg  N.W.  by  "W.  J  "W.,  in 
latitude  4°  30'  N.  Ho\r  far  does  that  port  lie  to  the  westward,  and  what  is  the  ship's 
distance  from  it  ?  ia  other  words,  what  departure  and  distance  must  the  ship  make  to 
reach  it  ?  Ans.  Departure  939  miles  W.    Distance  1065  miles. 

8.  A  sbip,  from  latitude  42°  18'  K.,  sails  S.  25°  W.  a  distance  of  150  miles  :  re- 
quired her  departure  and  latitude  in. 

Ans.  Departure  68  J  miles  "W.    Lat.  in  40'  2'  N. 

9.  If «  ship  sails  from  latitude  48=*  27'  S.  on  a  S.W.  by  W.  course  at  the  rate  of  7 
knots  an  hour,  in  how  many  hours  will  she  arrive  at  latitude  50''  S.  ? 

Ans.  In  23^  hours. 

10.  A  ship  from  latitude  55°  80'  N.  sails  S.W.  by  S.  for  20  hours,  and  then  finds  by 
ob6eryati0a  that  she  is  in  latitude  53''  17'  N. :  required  her  hourly  rate  of  sailing, 
and  the  departure  she  has  made. 

Ans.  Bate  8  miles  an  hour.    Departure  88*87  miles  VT, 

11.  A  ship  sails  for  18  hours  on  a  single  course  between  the  8.  and  W.  from  lati- 
tude 38*  32'  N.  to  latitude  36°  56'  N.,  at  the  rate  of  7}  miles  an  hour :  required  the 
MBTMy  distance,  and  departure. 

Ans.  Course  S.  43°  20^  W.    Distance  182  miles.    Departure  90-58  W, 

12.  A  ship  sails  for  53}  hours  on  a  S.E.  }  E.  course  from  latitude  52°  30'  N.  to 
latitude  47°  10'  K. :  required  the  average  rate  of  sailing  per  hour,  and  the  departure 
ande.  Ans.  Bate  10  miles  an  hour.  .  Departure  432  miles  £. 

Compound  Courses,  or  Traverse  Sailing.— When,  from  contrary  winds 
or  other  causes,  a  ship's  track  from  one  place  to  another  is  made  up  of  several  single 
courses,  the  zig-zag  path  it  takes  is  called  a  Travehse,  or  a  Compound  Coukse  ;  and 
the  determination  of  the  single  course  and  distance,  from  the  place  left  to  the  place 
arrived  at,  is  called  worlcing  or  resolving  the  traverse. 

To  work  a  traverse,  it  is  only  necessary  to  find  the  difference  of  latitude  and  depar- 
ture for  each  distinct  course,  as  in  the  foregoing  article,  to  take  the  aggregate  of  these 
for  the  whole  difference  of  latitude  and  departure,  and  thence  to  find  the  corresponding 
single  course  and  distance. 

The  most  orderly  way  of  proceeding  is  to  form  a  little  traverse  table,  consisting  of 
six  colunms,  to  receive  the  proper  entries  for  course,  distance,  diff.  lat.  J^.  and  S.,  and 
dep.  E.  and  "W.,  as  in  the  specimen  in  example  1  following.  When  the  entries  are 
completed,  the  two  diff.  lat.  columns  are  added  up  separately,  and  the  difference 
of  the  results  taken :  this  difference  is  the  whole  diff.  lat.,  which  is  N.  or  S. 
according  as  the  N.  or  S.  column  gives  the  greater  result.  In  like  manner,  the 
results  of  the  two  departure  columns  being  found,  their  difference  is  the  resultant 
departure,  to  be  used  with'  the  whole  difference  of  latitude,  to  determine  the  direct 
course  and  distance. 

Examples. 
1.  A  ship  from  latitude  51°  25'  N.  has  sailed  the  following  courses,  namely, 

1st,  S.S.E.iE.,  16  miles.  2nd,  E.S.E.,  28  miles. 

M,  S.W.  b  W.  ^W.,  36  miles.  4th,  W.  |N.,  12  miles. 

5th,  S.E.  h  £.  iE.,  41  miles. 
Bequired  the  latituJa  In,  and  the  direct  course  and  distanco  to  icac^i  \t. 
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T&AYBBSE  Table. 


Dist. 

Diff.  of  latitude. 

Departure. 

N. 

S. 

E. 

W. 

S.S.E.iE. 

16 

14-5 

6-8 

E.S.E. 

23 

8-8 

21-3 

S.W.  b  W.  iW, 

36 

17 

31-8 

W.  }N. 

12 

1-8 

11-9 

S.E.  b  E.  ^E. 

41 

21-1 

35-2 

1-8 

61-4 
1-8 

63-3 
43-7 

43-7 

Equivalent  course,  S.  18°  12'  E. 
Direct  distance  63  miles. 

59-6 

19-6 

The  first  two  columns  of  this  table  are  occupied  with  the  given  courses  and  dis- 
tances; in  the  other  four  are  inserted  the  diff.  lat.  and  dep.  corresponding  to  each 
course  and  distance,  taken  by  inspection  from  the  Traverse  Table.  The  results  of  these 
latter  columns  show  that  the  d^erence  of  latitude  made  Is  59*6  miles  S.,  and  the 
departure  19*6  miles  E.  And  from  these  the  latitude  in,  and  the  direct  course  and 
distance  from  the  latitude  left  to  the  place  reached,  is  found  by  computation  as 
follows : — 

Latitude  left 51°  25'  N. 

Diff.  lat.  69-6  miles         .        .        .  V    0'  S. 


Latitude  in 

• 

1.  Tojindth 

By  Logarithms 
As  diff.  lat.  =  59-6 

:  departure  =  19-6 
: :  radius 

.  —1-7752 
1-2923 
.      10 

50°  25'  N. 


:  tan  course,  18''  12' 


9-5171 


"Without  logarithms, 
tan  course  =  dep.  -^  diff  lat. 

5,9-6)19-6(-3288  =  tan  18°  12' 
1788 

172 
1192 

528 
477 

51 
48 

:    Hence  the  direct  course  is  S.  18°  12'  E. 
It  thus  appears  that  if  the  ship  had  left  her  port  on  the  course  S.  18°  12'  E.,  and 
had  kept  this  course  unaltered  for  a  run  of  63  miles  (see  next  page),  she  would  have 
arrived  at  the  place  reached  by  the  above  traverses.    This  conclusion,  however,  is  not 
rigorously  true,  though  near  enough  for  practice.     See  the  remarks  subjoined  to 
/  example  8. 
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By  logarithms. 
As  sin  course,  18°  12'      . 
:  radius 
: :  departure  =  19'6 

distance  =  62*75 


2.  Tojhd  th$  dittanee. 

Without  logarithms, 
dist.  :=  dep.  ~  sin  course 
sin  18°  12*  =  •3,1,2,3)19-6        (62- 75 


—  9-4946 
10 
1-2923 


1-7977 


18738 

862 
625 

"237 
219 

18 
16 


Hence  the  nautical  distance  is  62*75  miles. 

Note. — It  will  save  time,  and  be  a  guard  against  mistake  in  the  filling  up  tho 
serenl  columns  from  the  Trayerse  Table,  if,  before  that  table  is  opened,  a  mark  be  put 
opposite  to  each  course,  and  in  each  of  the  columns  where  the  entries  connected  with 
that  course  are  to  be  inserted.  Thus,  if  N.  occur  in  the  course,  mark  a  little  cross 
against  it  in  the  N.  column,  near  enough  to  the  right-hand  margin  of  that  column  to 
lUow  of  room  for  the  extract  from  the  Trayerse  Table ;  if  S.  occur  in  the  course,  put  a 
like  mark  in  the  S.  column.  If  E.  occur,  mark  the  E.  column ;  and  if  W.  occur,  mark 
the  W.  column.  Then,  when  the  Traverse  Table  is  consulted,  we  shall  have  precluded 
the  risk  of  writing  the  particulars  from  it  in  the  wrong  column. 

2.  A  ship  sails  S.  W.  b  S.  24  miles ;  N.N.W.  57  miles ;  S.E.  b  E.iE.  84  miles ;  and 
S.  35  miles :  required  the  direct  course  and  distance. 

Ans.    Course  S.  43"*  E.    Distance  57  miles. 

3  A  ship  from  latitude  50^  13'  N.  has  sailed  the  following  courses,  namely — 

let.  W.S.W.,  51  miles.  2nd.  W.  b  N.,  35  miles.  3rd.  S.  b  E.,  45  miles.  4th. 
S.W.  b  W,y  55  miles.  5th.  S.S.E.,  41  miles.  Required  the  latitude  in,  and  the 
direct  course  and  distance  sailed. 

Ans.    Lat  in  48°  8'  N.   Course  S.  39°  19'  W.,  or  S.W.  i  S.  J  W.    Dist.  162  miles. 

4.  A  ship  from  latitude  28°  32'  N*.  has  run  the  following  courses,  namely — 

Ist.  N.W.  b  N.,  20  miles.  2nd.  S.W.,  40  miles.  3rd.  N.E.  b  E.  60  miles.  4th. 
S.E.  55  miles.  5th.  W.  b  S.,  41  miles.  6th.  E.N.E.  66  miles.  Hequired  the  latitude 
in,  and  the  direct  course  and  distance. 

Ans.    The  same  latitude.    Course  due  E.    Distance  70*2  miles. 

5.  From  noon  to  noon  the  fbUowing  courses  were  run,  namely — 

Ist.  S.W.  b  S.,  20  miles.  2nd.  W.,  16  miles.  3rd.  N.W.  b  W^  28  miles.  4tb. 
S.S.E.,  32  miles.  5th.  E.N.E.,  14  miles.  6th.  S.W.,  36  miles.  What  difference  of 
latitude  has  the  ship  made,  and  what  is  her  direct  course  and  distanes  ? 

Ans.    Diff.  lat.  50-7  miles  S.    Course  S.W,    Distance  71-7  miles. 

6  A  ship  sails  from  latitude  10°  6'  S.,  the  following  courses,  namely— 

1st.  N.N.E.,  86  miles.  2nd.  N.,  74  miles.  3rd,  E.  i  N.,  53  miles.  4th.  N.KW.  J  N., 
40  miles.  5th.  E.N.E.  i  N.,  21  miles.  Bequired  the  latitude  in,  and  direct  course 
and  distance.     Ans.    Lat.  in  6°  34'  S.    Course  N.  23°  25'  E.    Bi&tance  1^\  tl^^% 

7.  A  ship  from  latitude  6V  30'  N,,  running  at  the  rate  oC  S  kHoU  «ii  Voxa 
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^V.S.W.,  3  hours;     N.W.,  2 J  hours;   W.,  4  houre ;    S.W.  b  S.,  2^  hours;    and 
X.W.  A  TV'.,  2  hours.    Required  her  latitude  in,  and  her  direct  course  and  distance. 
Ans.    Lat.  in  61"  30'  N.     Course  W.    Distance  907  miles. 
s..  A  ship  from  latitude  24*  32'  N.,  sails  the  following  courses,  namely — 
1st.  S.W.  6W.,  45  miles.      2nd.  E.S.E.,  60  miles.     3rd.  S.W.,  3(0  miles.     4th. 
S.E.  iE.,  eOjniles.     5th.  S.W.  h^.\  W.,  63  miles.     Required  her  latitude  in,  her 
departure,  and.  the  direct  course  and  distance. 

Ans.  Lat.  in  22°  3'  N.  Dep.  0.  Course  S.  Distance  149-2  miles. 
In  this  last  example,  the  ship  is  said  to  have  returned  to  the  meridian  from  which 
she^sailed,  so  that  her  course  from  the  place  arrived  at  to  that  left,  is  concluded  to  he 
due  south.  In  the  present  case,  the  latitude  being  low,  the  error  of  this  conclusion  is 
practically  of  no  consequence  ;  but  the  balance,  or  aggi-egate  of  the  several  departures 
made  on  a  traverse,  is  not,  in  strictness,  the  departure  due  to  the  direct  course — a  fact 
that  sailors,  in  general,  are  not  sufficiently  sensible  of  We  shaU  advert  more  at 
length  to  this  matter  in  our  introductory  observations  to  Mercatoii's  Sailing. 

Paxallel  Sailing.— When  a  ship  sails  upon  a  parallel  of  latitude,  her  dwtancc 
run  is  then  the  same  as  her  departure ;  her  difference  of  latitude  is  nothing,  and  her 

difference  of  longitude  may  be  easily  determined. 
The  case  is  one  of  paralUl  sailirtgy  the  theory  of 
which  may  be  established  in  the  following  manner : 
Taking  the  diagram  at  page  252  of  the  Mathe- 
matical volume  of  the  Circle  OP  the  Sciencw, 
let  C  Q  represent  a  portion  of  the  equator  corres- 
ponding to  the  portion  B  P  of  a  parallel  of  lati- 
tude sailed  over  by  a  ship,  the  points  P,  Q  being 
on  the  same  meridian.  Then  0  C  is  the  radius 
of  the  equator,  and  N  B  the  radius  of  the  parallel, 
and  the  difference  of  longitude  of  B  and  P  will  be 
measured  by  the  urc  C  Q 

Now,  since  similar  arcs  are  to  one  another  as 
the  radii  of  the  circles  to  which  they  belong,  we  have 

N  B  :  0  C  : :  dist.  B  P  :  diff.  long.  C  Q. 
But  NjB  is  the  geometrical  cosine  of  the  latitude  C  B,  to  the  radius  0  C ;  consequently 
N  B  is  equal  to  0  C  multiplied  by  the  trigonometrical  cosine  of  the  angle  Q  0  P  of  the 
latitude,  that  is,  expressing  the  latitude  in  degrees  and  minujcs,  and  not  in  linear 
measure,  wo  have 

OC  cos  lat.  :  OC  :;  dist.  sailed  :  diff.  long.     .        .     (1) 

.'.  cos  lat    :     I     : :  dist.  sailed  :  diff  long.     .        .    (2) 

And  it  follows  from  this,  that  if  the  distance  between  anyiwo  meridians  on  a  parallel 

in  latitude  L,  be  D,  and  the  distamceof  the  same  meridians  on  a- parallel  in  latitude  V 

bu  D',  then  alternating  the  proportion  (1) 

cosL  icosL'  ::  D  .  D'      .         .     (A) 
(See  the  Gbombtbt,  page  134,  Prop.  2.) 

'     The  projfcortion  (2)  evidently  solves  the 'problem— Given  the  latitude  of  the  parallel 
and  the  distance  safled  on  it,  to  find  the  difference  of  longitude ;  the  solution  being 

,.«.  «,       .X  j'       distance* sailed  ...    * 

dziari:«ice(rfloiiffltmk)=.  ^^^^^  •       •       (3) 


/^.. 

A 

b/' 

N      ""'";^ 

/\._^^,^,-*-'— "^ 

/            *'.\^^- 

--^     \ 

_,^^                                  """v. 

1              Q 

o           ^.-^ 

/ 
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So  tlMt,  ta  in  the  fonner  omcb,  ire  may  oonaccfc  the  tliroe  things  toDttrmediii  a 
right-angled  plane  triangle,  the  base  representing  the  (Hstsiiee  sailed,  the  hy^otennso, 
the  difference  of  longitude,  and  the  angle  between  the  two 
the  latitude  of  the  parallel,  becauac  we  know  flrom  the  theory       |  -^ 
of  the  right-ajiglcd  triangle  that  these  three  parts  arc  related  ^v 

as  in  condition  (3).     Any  problem  in  parallel  sailing  may,  \^ 

therefore,  a).wa.ys  he  reduced  to  a  case  of  right-angled  tri-  __^ 

angles;   and  eonaequontly  may  be  solved,  like  a  problem 

in  plane  sailing,  by  inspection  of  the  Traverse  Table.  We  shall  only  have  to  consider 
the  latitude  of  the  parallel  as  coursey  and  the  distance  as  diff.  lat. ;  the  eorresponding 
distance  in  tha  Traverse  Table  will  be  the  dff:  long. 

It  must  be  observed,  however,  that  the  perpendicular  of  our  right-angled  triangle 
merely  serves  to  connect  together  the  three  things  here  mentioned ;  it  has  no  significa- 
tion in  navigation.  The  distance  sailed  on  a  parallel,  the  latitude  of  that  parallel,  and 
the  difference  of  longitude  between  the  place  left  and  that  arrived  at,  are  related  to  one 
another  n  the- three  parts,  noticed  above,  of  a  right-angled  triangle,  the  perpendicular 
of  whieh  merely  serves  to  complete  the  diagram  in  which  these  relations  are  geometri- 
cally embodied. 

The  proportion  (2)  above,  is  ususlly  expressed  thus : — 

cos  lat.  :  radius  :  :  dist.  sailed  :  diff.  long, 
where  rad.  ;=  1  when  the  table  of  natural  sines  and  cosines  is  used ;  and  log  rad.  =:  10 
when  the  logarithmic  table  is  used.     As  usual,  we  shaU  exhibit  t]|c  working  by  both 
tables ;  but  it  will  bo  perceived,  as  in  most  of  the  computations  already  given,  that  the 
former  table  is  in  general  to  be  preferred. 

Examples. 
1.  A  ship  from  latitude  53"  36'  N.  longitude  10'  13'  E.,  sails  due  west  236  miles  : 
required  the  longitude  in.     * 

Taji)^  Vie  diff.  long. 

[  Without  logaritlims. 

—9-7734   I  diff.  long.  =  dist.  -^  cos  lat. 

10  [cos  53"  36'  =  -5,9,3,4)236     (397*7 

2-3729  17802 


By  logarithms. 
As  cos  laL,  53=*  36'     . 
:         radius 
:  :         distance  =  236 


diff.  long.  =  397-7    .     2-5995 


5798 
5341 

"457 
415 

42 
42 


Hence  tiie  diiff.  long,  is  397*7  miles  =  398  miles  nearly. 
Bedacing  thia  to  degrees,    60)398 

diff.  long.  =         6"  38'  E.  1    The  difference  to  be  taken,  as  the  lon- 
longp  left     .    .  10°  IS'  W.)  gituiks  ai»  E-  and  W. 

long,  in  .     .     .     3"  40'  £. 
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2.  A  ship  from  latitude  32°  N.,  sails  due  east  tiU  her  difference  of  longitude  is  found 
to  be  384  miles :  what  distance  has  she  run  ? 


Tojind  the  distance. 


By  logarithms. 
As  radius 

:  cos  lat.,  32'  . 
: :  diff.  long.  =  384  . 

:  distance ':=  325-6 


-10 
9-9284 
2*5843 

2-6127 


Without  logarithms. 
Dist.  =  diff.  long.  X  cos  lat 
cos  32'' =-8480  ^ 
384  reversed,    483 

2544 

678 

34 


325-6 
Hence  tJie  distance  run  is  325*6  miles. 

3.  From  two  ports  in  latitude  32°  20'  N.,  distant  256  miles,  measured  on  the 
parallel,  two  ships  sail  direcUy  north,  till  they  come  to  the  latitude  44°  30'  N. :  how 
many  miles,  measured  on  the  parallel  arrived  at,  are  they  apart  ? 

This  question  is  to  be  worked  by  using  the  proportion  (A). 

By  logarithms. 

As  cos  lat.  from,  32"*  20'  Arith.  Comp.    -0732 

:  cos  lat  in,  44°  aD'   .  .  9*8532 


first  dist  =  256      . 
seed,  dist  :=  216-1  . 


.  2-4082 
.  2-3346 


Without  logarithms, 
jy  =  D  cos  L'  -^  cos  L 
cos  L'  =  cos  44°  30'  =  -7133 
D  =  256,  reversed,     652 


14266 

3567 

0  428 

cos  L=cos  32°20' =  •8,4,5,0)182-61(216-1 
1690 

1361 
845 


516 
507 

9 


I 


Hence,  measured  on  the  parallel  of  44°  30'  N.,  the  ships  are 
216  miles  apart  Their  least  distance  apart  is  the  arc  of  the  great 
circle  from  one  to  the  otiier ;  because  an  arc  of  a  great  circle  of  the 
sphere  is  the  shortest  distance  between  its  extremities. 

4.  A  ship  from  latitude  42°  54'  S.  longitude  9°  16'  W.,  sails  due  west  196  miles : 
required  her  longitude  in.  Ans.  13°  44'  "W. 

5.  A  ship  has  sailed  due  east  for  3  days  on  the  parallel  of  43°  28' ;  her  rate  of  sail- 
ing has  been,  on  the  average  5  knots  an  hour.  What  difference  of  longitude  has  she 
made  ?  Ans.  8°  16'  E. 

6.  A  ship  from  longitude  81°  36'  W.  sails  due  west  310  miles,  and  is  then  found  by 
observation  to  be  in  longitude  91°  50'  W. :  on  what  parallel  has  she  sailed  ? 

Ans.  The  parallel  of  59°  41'. 

7.  In  what  parallel  of  latitude  is  the  length  of  a  degree  only  one-third  the  length 
oi  a  degree  at  the  equator  ?  Ans.  Lat  70°  32'. 

A  Two  Bbipa  in  latitade  47°  54'  N.,  but  aepaiated  by  9°  35'  of  longitude,  both  sail 
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directly  south  836  miles,  and  at  the  same  rate :  how  many  miles  were  they  apart  at 
starting,  and  how  many  after  running  the  836  miles? 

Ans.  First  distance  386)  miles ;  second  distance  477  miles. 

9.  If  two  ships  in  latitude  44*  30'  N.,  and  distant  from  each  other  216  miles,  were 
both  to  sail,  at  the  same  rate,  directly  south  until  their  distance  on  the  parallel  arrived 
at,  became  256  miles,  what  latitude  would  they  be  in  ?  Ans.  32''  17'  N. 

10.  If  a  ship  sail  due  east  126  miles,  from  the  North  Gape  in  latitude  71°  10'  N., 
and  then  due  north,  till  she  reaches  latitude  73°  26'  N.,  how  far  must  she  sail  west  to 
reach  the  meridian  from  which  she  started  ?  Ans.  111*3  miles. 

Midfll>  LatituAe  Sailing. — It  has  already  been  sufficiently  seen  that  the 
principal  object  of  plane  sailing  is  to  determine  the  difference  of  latitude  made  by  a 
ship  sailing  upon  an  oblique  rhumb.  This  sailing  gives  us  no  information  respecting 
I  the  change  made  in  the  ship's  longitude ;  but  if  the  rhumb  sailed  upon,  instead  of  being 
oblique  to  the  meridians  crossed  by  it,  euts  them  all  at  right  angles,  as  in  parallel  sail* 
ing,  then,  as  just  shown,  the  difference  of  longitude  made  may  be  accurately  ascertained. 
Except  in  this  particular  case,  the  determination  of  the  change  of  longitude  made  by  a 
ship  in  sailing  from  one  place  to  another,  is  a  problem  the  strict  solution  of  which  is 
by  no  means  easy.  Independently  of  astronomical  observations,  there  are  two  modes 
of  proceeding :— one  is  called  Middle  Latitude  BaiUng^  and  can  be  regarded  only  as  a 
dose  approximation  to  the  truth,  unless  a  certain  correction,  hereafter  given,  be  applied 
to  it.*  The  other  is  called  Mereator's  Sailing,  and  by  this  the  problem  is  solved  upon 
strict  mathematical  principles.  Middle  latitude  sailing  is  a  combination  of  plane  sailing 
«nd  parallel  sailing,  which  are  united  in  the  following  way  :— 

It  has  been  seen  in  the  theory  of  plane  sailing,  that  the  line  called  the  departure  is 
a  line  equal  to  the  sum  of  all  the  elementary  departures  made  by  a  ship  in  sailing  on 
an  oblique  rhumb.  Thus,  if  AB  in  the  annexed  diagram,  be  the  distance  sailed,  the 
departure  is  made  up  of  all  the  elementary  portions  of  the  paral- 
lels of  latitude  lying  between  AD  and  CB ;  it  is  plain,  therefore, 
that  the  departure  is  less  than  AD,  and  greater  than  GB,  since 
the  meridians  approach  closer  together  the  nearer  the  parallel  is 
to  the  pole  :  there  is,  therefore,  some  parallel,  ML,  between  A  and 
G,  such  that  the  portion  ML  would  be  exactly  equal  to  the  de- 
parture ;  and  that,  in  latitudes  near  the  equator,  this  parallel  ML 
cannot  differ  materially  from  the  middle  parallel.  It  is  on  the 
supposition  that  the  departure  is  equal  to  the  distance  between 
the  meridians  left  and  arrived  at,  measured  on  the  middle  parallel, 
that  middle  latitude  sailing  is  founded. 

From  a  mere  inspection  of  the  diagram, — or,  better  still,  of  a 

common  globe, — it  is  obvious  that  this  supposition  can  diffiEsr  but 

very  little  from  the  truth  for  low  latitudes,  and  for  such  short 

distances,  AB,  as  a  day  or  two's  run ;  and  more  especially  if  the  angle  of  the  course  be 

large,  so  that  but  little  difference  of  latitude  is  made,  and  therefore  the  parallelB  AD, 

*  In  the  year  1805,  Mr.  Workman  published,  under  the  sanction  of  the  then  Astronomer  fioyal, 
Dr.  Maskelyne,  a  small  and  very  usefiil  table  for  oorreeting  the  errors  of  middle  latitude  sailing. 
The  table  is  eren  now  scarcely  so  well  known  as  it  ought  to  be ;  and  as  it  removes  the  onljf  o^V^cfti<csDLNn 
this  mode  of  finding  the  difference  of  longitude,  we  have  inserted  it,  a  liU\e  «^T\dk%«i^  «X.  "q^:^  V^^ 
and  would  strongly  reeomiD«n(f  it  to  tbe  notice  ot  the  practical  navigator. 
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CB,  prettj  dose  together.  In  ?iicli  fiivoiumUe  cases,  the  method  of  middle  latxtude 
sailing — ^though,  if  uncorrected,  only  an  approYJmatinn  to  the  truth — ^ia  preferable  to 
the  method  of  ^Cercator's  sailing,  though  this  is  theoretically  accurate,  for  reasons  that 
will  be  hereafter  shown.  In  high  latituds.%  however,  this  method  is  not  to  be 
depended  on,  at  least  for  mace  than  a  single  day's  run,  if  the  angle  of  the  course  be 
small,  and  the  middle  latitude  be  uncorrected;  becauio  the  interral  bctwiien  tha 
latitude  left  and  that  reached  may  be  too  wide  to  warrant  the  supposition  thai  the 
departure  is  equal  to  the  middle  parallol  between  tiie  meridians  left  and  arrived  at, 
Bui  if  tiie  middle  latitude  be  corrected  by  Workman's  table,  page  59,  all  olijcction  will 
be  obviated. 

luv^igation  cf  ths  Rulea  for  MiddU  Lmtttiide  SaUin§, — ^Let  AB  in  the  piooeding 
diagram  be  the  track  of  the  ship,  then  the  diifercnce  of  longitude  made  will  be  6ie 
same  as  if  the  ship  had  sailed  from  M  to  L,  along  the  middle  parallel  ML.  By  the 
present  hypothesis,  the  distance  on  this  middle  parallel  is  the  departure  made  in 
running  from  A  to  B ;  hence,  the  departure  being  known  by  plane  sailing,  we  know 
tiie  length  of  the  parallel  !^IL :  and  we  know,  also,  the  latitude  of  that  parallel. 
Consequently  the  difference  of  longitude  may  be  foimd  as  in 
parallel  sailing.  Thus,  if  in  the  right-angled  triangle  BCBt, 
the  ^ase  represent  the  departure,  that  is  ML,  and  the  angle  at 
the  base  be  made  equal  to  the  latitude  of  ML^  then  the 
hypotenuse  will  represent  the  difference  of  longitude  between 
yi  snd  L,  that  is,  between  A  and  B.  As  the  base  of  the 
rig^t-angbd  triangle  represents  the  departure  made,  we  moy 
connect  with  it,  as  in  the  annexed  didgnxn,  the  di£fer@Dee 
of  latitude  AC,  and  the  distance  AB,  as  in  plane  eailing. 
Wc  shall  thus  have  a  sort  of  double  triangle ;  in  one  triangle 
(the  lower  one  here)  will  be  represented  the  dxff.  lat.  AC,  tiie 
dist.  AB,  the  angle  A  of  the  course,  and  the  departure  CB, 
equal  in  length  to  ML  in  the  preceding  diagram.  In  the 
other  triangle  will  be  represented  by  CB,  the  distance  ML 
in  the  preceding  diagram,  the  diff.  long.  BD,  of  H  and  L, 
and  the  angle  CBD  of  the  mid.  lat. ;  the  lower  triangle  being 
constructed  conformably  to  the  principles  of  plane  sailing, 
and  the  upper  conformably  to  the  pnnoiples  of  parallel  sailing.  In  the  latter  the 
perpendicular  CD  is  of  no  siguificanee. 

1.  In  the  triangle  DCB  we  have, 

cos  DBC  :  radius 
that  is, 

cos  mid.  lat.' :  radius  : :  departure 

2.  In  the  triangle  DBA  wc  have, 

sin  D  :  sin  A  : :  .IB  :  BD 
that  is, 

cos  mill.  lat.  :  sin  course  : :  dist 

3.  Also,  in  the  two  triangles  ABC,  DBC,  we  have, 

AC  tan  A  =  BC,  BD  cos  DBC  =  BC, 

.*.  AC  tan  A  =  BD  cos  DBC,  consequently        (Ai^oebra,  p.  218) 

AC  :  BD  ::  cos  DBC  :  tan  A, 

cM:iat  .  Ji/E  Jong".  : :  cos  mid.  lat.  :  tan  course.     .    .     (3). 


:  BC  :  DB, 

:  diff.  long.     . 

.     (I). 

(Inxboductiox, 

P- 

21) 

ce  :  diff.  long. 

.     (2}. 

EXAMPLES  IK  MID-LATITUDE  SAILING.  5o 

The  proportions  marked  (I)  (2)  (3)  compreliend  the  entire  theory  of  middle  latitude 
sailing.  It  is  scarcely  necessary  to  mention  that  the  middle  latitude  is  half  the  differ- 
enco  of  the  extreme  latitudes  when  both  arc  north  or  both  south,  and  half  their  sum 
when  one  is  north  and  the  other  south. 

The  three  proportions  given  above  may  be  united  in  one  set  ot  equations,  by  whi'h 
mode  of  expressing  them,  they  will,  perhaps,  appear  in  a  form  more  convenient  for 
memory.    They  are  as  follows  :-f- 

,.«.  ,  departure         ,  .     , 

aiff.  long.  =cos^d.  lat-~  ^®P^^^^^*^  X  ^oc  mic\  lat. 

dist.  X  sin  course        -,.    '   ,  .-.  ,  ^ 

;:^ ■    —  s=  ttist.  sm  course  sec.  mid.  lat.' 

cos  mid.  lat. 

diff.  lat.  X  tan  course       ,.«.  ,  ,       ^  •  i  i  i. 

r= —  .J- ,-- =  diff.  lat,  X  tan  course  X  sec.  mid.  lat. 

cos  mid.  lat. 

But,  by  imprinting  upon  the  mind  the  two  connected  triangles  in  the  proc.  ^liiiu; 

diagram,  any  recurrence  to  formulte  will  not  bo  necessary  on  the  part  of  uny  o:uj 

familiar  with  what  is  taught  in  the  Intkoductiox  to  thia  Treatise  ;  and  this  is  one 

advantage  of  making  the  plane  triangle  subservient  to  the  pui-poscs  of  Navigation. 

donnrtui'c 
However,  without  reference  to  the  triangle  the  single  equation,  diff.  long.  =  -        •  5  i 

embodies  all  that  is  peculiar  in  middle  latitude  sailing ;  the  other  equations  arc,  in 
fact,  implied  in  this :  instead  of  dejJartttre,  the  equivalent  to  it  is  substituted. 

1.  A  ship  from  latitude  61'  18'  N.,  longitude  9=^  5(Sr  W.,  steers  S.  33°  8'  "NV.,  till 
she  has  run  10^  miles ;  required  the  latitude  and  longitude  in. 

1.  Tofuid  the  Uiprmot  of  latitude. 
'  By  logmrithms.  I  Without  logarithms. 


As  radios    .        .        .        .  —  10  diff.  lat.  =  dist.  X  cos  course 

cos  33°  8' -8^74 

1024  reversed   ....     4201 


CM  course,  83^  8'  .        .         9*9229 
diet  =1024  30103 


:  diff.  lat.  =  857J  .     >   .         *20332 


8374 

1G7 
I  34 

I  8.37-0 

;.  the  difference  of  latitude  is  857  J  miles. 

•2.  Tojind  the  middle  latitude. 

0,0)  ^5,7 

U"  17'  S.  =:  diff.  latitude 
5r  18'  :N\  =  latitude  left 


37"    r  N.=  latitude  in 
'J)  88'  19'       =  SiHU  of  the  latitudes 


44=    0:V    =  middle  latitude 
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3.  To  find  the  difference  of  longitude  {Proportion  3). 


As  COB  inid.lat,  44°  9|'  Arith.  Comp.  '1442 
:  tan  course      33°  8'  98147 

:-.  diffl  lat.    =  867-5     .  29332 

:  diff.  long.  =  780- 1     .  28921 


6,0)78,0 


13°  W.  diff.  long. 

9°  50*    W.  long,  left 

22°  60'    W.  long.  in. 


Hence  the  place  of  the  ship  is  lat.  37°  1'  N.,  long.  22°  60*  "W.  We  shall  now  work 
the  last  proportion  by  using  the  middle  latitude  as  corrected  by  the  table  at  page  69. 

Under  the  diff.  lat.  14°,  at  the  top  of  the  table,  and  in  a  line  with  44°,  the  middle 
latitude,  we  find  the  correction  27' ;  which,  added  to  47°  9j',  gives  44°  36j'  for  the 
corrected  middle  latitude. 

As  cos  corrected  mid.  lat.,  44°  36|'  Arith.  Comp.  .  '1476 
:  tan  course  33°  8'  .  .  .  .  98147 
::  diff.  lat.     =    867*6    '      .         .         .        .    2-9332 


:   diff.  long.  =   786-2 2-8956 


.-.  diff.  long.  =  13°  6'  /.  9°  60'  +  13°  6'  =  22°  66'  W.  long.  in. 
Hence  the  error  in  longitude,  by  taking  the  imcorrected  middle  latitude,  is  6  miles. 

The  construction  of  the  table  here  made  use  of,  cannot  be  explained  till  we  come 
to  Mercator's  Sailing.  But  the  necessity  for  some  such  table  may  be  readily  made 
apparent ;  for  since,  as  shown  above, 

diffl  long.  =  departure  X  sec.  mid.  lat., 

it  follows  that  if  there  be  any  error  in  our  estimation  of  the  departure — that  is,  in  our 
considering  it  to  be  exactly  equivalent  to  the  middle  latitude  distance  between  the 
meridians,  there  will  be  a  still  greater  error  in  the  resulting  difference  of  longitude 
because  a  secant  is  always  greater  than  unity,  when  the  angle  to  which  it  relates  is  of 
any  value  at  all ;  and  the  greater  the  angle  the  greater  the  error.  In  -high  latitudes, 
therefore,  where  the  middle  latitude  is  considerable,  the  error  in  longitude,  if  left 
imcorrected,  may  be  seriously  wide  of  the  truth.  For  example,  when  the  difference  of 
latitude  is  20^,  and  the  middle  latitude  72°,  the  error  in  longitude  would  amount  to 
nearly  half  a  degree ;  that  is,  to  nearly  30  miles.  Mr.  "Workman's  table  shifts  the 
middle  latitude  parallel  a  little  higher  up,  as  the  mid.  latitude  parallel  a  little  exceeds 
the  departure  in  length ;  as  will  be  shown  presently. 

2.  A  ship  from  latitude  49°  67'  N.,  and  longitude  5°  11'  "W.,  sails  between  the 
south  and  west  till  she  arrives  in  latitude  38°  27'  K.,  and  finds  that  she  has  made 
440  miles  of  departure :  required  the  course  steered,  the  distance  run,  and  the  longi- 
tude in. 

1.  To  find  the  diff.  lat.  and  mid,  lat. 

Latitude  left,  49°  67'  N. 
Latitude  in,    38°27'N. 

Sum  88°  24'  H-  2  5=  44°  12'  ==  mid.  lat. 
Diff  11°  30'       ,  s=  690  miles  =  diff.  lat. 


EXAMPLES  WITH  THE  MID-LATITUDE  COBBECTBD. 


By  logarithms. 

As  diff  lat  =  690      .    .    .     .  _  2*8388 

:  departure  =  440  ....  2*6435 

: :  radius 10 


2.  ShJiHd  tA$  eonrte. 


:  tan  course  32<*  32' .    .    .    .        9*8047 


Without  logarithms. 


tan  course  ^  dep.  -r-  diff.  lat.  =  rrrr 
*^  69 


Hence  the  course  is  32^  32*. 


69)44  (-6377  : 
414 

26 
207 

63 
483 

"47 


:  tan  32°  32' 


By  logarithms. 
As  sin  course,  32°  32*    .    . 

:  radius 

: :  departure  =  440  .    .    . 

:.di8tance  =  818*3  .     .    .    .        2*9129 


3.  n  Jhid  the  dktanee. 

Without  logarithms, 
dist.  =:  dep.  -r-  sin  course 
sin  32»  32'  =  5,3,7,7,9)  440    (818*2 
43023 


—  9*7306 
10 
2*6436 


977 
638 

439 
430 


Hence  the  distance  is  818  miles. 

4.  Tojtnd  the  difftremee  oflcngitude   (Proportion  1). 
Longitude  left     . 


As  cos  correct  mid.  lat.  44°  28'  —  9*8635 
:  radius         ....      10 
::  departure  =  440  2*6435 


:  di£  long.  =  616*6 


2*7900 


Diff.  long.  617  miles,  = 
Longitude  in 


5°  ir  W. 
10°  17'  W. 

15°  28'  W. 


If  the  mid.  lat  had  not  heen  corrected,  the  long,  would  have  been  about  3'  in  eiior. 

A  ship  from  latitude  51°  18'  K,  longitiido  9°  60'  W.,  sails  S.  33°  19'  W.  until  her 
departure  is  564  miles :  required  the  latitude  and  longitude  in,  and  the  distance  soiled. 

1.  To  Jtnd  the  difference  of  latitude. 
By  logarithms. 
As  tan  course,  33'  19'      .        .  ~  9*8178 

:  radius         .        .  .10 

: :  departure  =  564  .       2*7513 

:  di£El  lat.    s=s  858  2*9335 


Hence  the  diff.  lat.  is  858  miles. 


Without  logarithms, 
diff.  lat  =  dep.  -r-  tan  course, 
tan  33°  19'  =  -06,57)564  (  868 
5256 

384 
329 

55 
52 


58 


EXAMPLES  FOR  EXERCISE. 


2.  Tojind  the  middle  laiitttde. 


fi0)858 


UM8'  S.  =  difL  latitude 
/3r  18' N.  ==  latitude  left 


:i7' 

0'        =  latitude  in 

2)88= 

18'        =  sum  of  the  latitudes     ' 

44^" 

9'        z=z  n 

aiddle  latitude 
distance  sailed. 

3. 

Tojind  the 

By  logarith 

ms. 

1                     Without  logarithms. 

As  sin  course,  33^  19' 

—  9*7398  ^               dist.  ==  dcp.  -f-  sin  course 

:  radius 

, 

10 

ein  33'  19'  =  '5  4  9,3  )o64  (  1027 

:  departure  =  66^ 

• 

2-7513 

.    5493 

:  distance     =  1027 

3011O 

147 

110 

37 

3S 

/ 


Hence  the  distance  sailed  is  1027  miles. 
4.  Tojind  the  difference  of  longitude  {Proportion  1). 

60)79,2 


As  cos  correct  mid.  lat.  44°  36'   —  9*8525 

:  radius  .         .         .         .10 

:  :  departure  =  564        .         .       27513 


:  diff.  long.  =  792*1 


2*8988 


W  12*  "W.  diff.  long. 
9*  60'  W.  long,  left 

23°    2'  W.  long,  in 


The  error  in  longitude  here,  by  using  the  uncorrected  middle  latitude,  "vrould  be 
six  miles. 

4.  A  ship  in  latitude  51°  18'  N.,  longitude  22°  6'  W.,  is  bound  to  a  place  in  the 
S.E.  quarter,  of  wbich  the  lunitical  distance  is  1024  miles,  and  the  latitude  of  it  37°  K. : 
reqinred  the  dixect  course,  ss  also  the  difSsrenee  of  longitude  between  the  two  places. 

Ans.  Course  S.  33°  o'  £.    Diff.  long.  786J  miles. 

5.  A  ship  from  St.  Michael's  in  the  Azores,  lat.  37°  48'  N.,  long.  25°  10'  W.,  is 
bound  for  the  Start  Pointy  lat.  50°  13'  N.,  long.  3°  38'  "W. :  required  her  course  and 
nautical  distance. .  Ans.  Course  N.  51°  7' E.     Distance  1187  miles. 

6.  A  ship  sails  in  the  N.W.  quarter  248  miles,  till  her  departure  is  135  miles,  and 
her  difference  of  longitude  310  miles  :  required  her  course,  the  latitude  left,  and  the 
latitude  in.        Ans.  Course  N.  32°  59'  W.    Lat.  left  62°  27'  N.     Lat.  in  65°  55*  N." 

7.  A  ship  from  latitude  38°  42'^  N.,  long.  9°  8'^  W..  sails  W.S.W.JW.  .168  miles  : 
required  her  latitude  and  longitude.  Ans.-  lat.  37°  54'  N.,  long.  12°  33'  W. 

8.  A  ship  sails  from  the  Lizard,  lat.  49°  57'  44"  N.,  long.  5"  11'  5"  W.,  for  a  dis- 
tance of  700  miles  on  a  W.S.W.  course  :  required  the  latitudo  and  longitude  in. 

Ans.  Lat.  in  45°  29'  50"  N.    Long,  in  21°  13'  33"  W;  •: 


TABLE  OF  CORRECTIONS  TO  BE  ADDED  TO  THE  MIPDLE  LATITUDE. 
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Mexcatox'i  S(ailing.~The  two  great  problems  of  navigation  are  the  determining 
the  latitude  and  longitude  of  a  ship  at  sea ;  the  other  demands  of  the  science  are  easily 
proyided  for.  Of  the  two  leading  problems  mentioned,  the  former  is,  in  general,  by  &r 
the  more  simple ;  as,  by  the  aid  of  the  imaginary  line  called  the  departuroy  we  may 
readily  discoyer  it,  either  by  construction  or  computation,  by  means  of  the  common 
theory  of  the  right-angled  triangle,  wheneyer  the  course  and  distance  sailed  are  taken 
account  of. 

The  departure,  as  used  in  plane  sailing,  is  the  occasion  of  some  error  in  certain 
of  the  results  of  navigation  :  for  instance,  in  the  determination  of  the  direct  course  and 
distance,  as  the  result  of  a  traverse.  If  a  ship  sail  on  several  courses,  and  her  depar- 
tures east  just  balance  her  departures  west,  we  conclude  that  she  has  returned  to  her 
meridian ;  but  it  is  plain,  from  the  principles  of  middle  latitude  sailing,  that  the  amount 
of  departure  that  would  bring  a  ship  in  north  latitude  to  any  given  meridian  on  a  course 
inclined  to  the  north,  would  be  less  than  the  departure  necessary  to  bring  her  to  the 
same  meridian  on  a  course  inclined  to  the  touth ;  indeed,  the  first  principles  of  plane 
sailing  show  that  the  elementary  departures  in  the  latter  case  exceed  those  in  the 
former.  And  hence  in  a  trayerse,  the  resultant  of  the  departures  will  not  be  the  correct 
departure  due  to  the  resultant  difference  of  latitude ;  and  consequently  the  resultant 
single  course  will  not,  in  strictness,  be  the  true  one. 

In  a  day's  run,  the  error  will  no  doubt  be  in  general  of  but  little  moment,  and  not 
worth  taking  note  of  practically,  when  we  consider  that  the  courses  steered  are  not 
rigidly  determinable ;  but  it  is  weU  to  apprise  the  learner  of  the  mathematical  short- 
comings of  our  proceedings ;  and  more  especially  to  forewarn  him  that  if  longitude  h 
deduced  from  the  balance  of  departures,  even  for  a  single  day's  run,  in  high  latitudes- 
latitudes,  for  instance,  above  52*^  or  53° — the  result  may  be  sensibly  erroneous ;  and  in 
latitudes  of  from  60"  to  70°  the  error  may  be  such  as  to  endanger  the  safety  of  the  ship. 
Unfortunately  sailors  are,  in  general,  so  much  guided  by  prejudice,  and  so  unwilling  to 
adopt  innovations,  as  they  think  certain  improvements  to  be,  that  the  common  practice 
still  is  to  confide  as  implicitly  in  the  resultant  departure  of  a  set  of  departures,  as  in&e 
departure  made  in  a  single  course.  And  it  is  probably  in  deference  to  this  erroneous 
impression,  that  even  the  most  popular  books  on  navigation  are  silent  on  the  subject 
In  such  books  the  middle  latitude  distance  of  the  meridians  is  still  taken  for  the  correct 
departure ;  though,  as  noticed  above,  the  resulting  error  in  longitude  may  amount  to 
so  much  as  30  miles. 

The  place  of  a  ship  in  reference  to  any  given  meridian,  can  be  determined  correctly 
only  by  correctly  finding  her  longitude  ;  and  this  is  done  by  Mercator's  sailing  in  a 
yery  ingenious  manner,  as  we  shall  now  show. 

ZnTestigation  of  the  Theozy  of  Mexcator'i  Sailing.— -When  a  ship  sails 
upon  an  oblique  rhumb,  it  has  already  been  shown  that  the  difference  of  latitude,  the 
departure,  and  the  distance  run,  are  all  truly  represented  by  the  sides  AC,  QB,  AB'of  a 
plane  triangle,  the  angle  A  being  that  of  the  course.  The  departure,  GB  is  not  the  re- 
presentative of  any  line  on  the  sphere :  it  is  the  equiyalent  of  all  the  minute  departures 
in  the  diagram  at  page  8,  united  in  one  continuous  line.  Let  Ahc,  in  the  annexed 
diagram,  be  one  of  the  elementary  triangles  figured  in  the  representation  just  referred 
to,  eb  being  one  of  the  elementary  departures,  and  Ao  the  corresponding  difference  of 
latitude.  Now  eh  being  a  small  portion  of  a  parallel  of  latitude,  it  will  be  to  a  similar 
portion  of  the  equator,  or  of  the  meridian,  as  the  cosine  of  its  latitude  to  radios,  as 
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was  proTed  at  page  19 ;  and  this  Bimilar  portion  of  tho  equator  or  of  the  meridian, 

measures  the  diffsrenoe  of  longitude  between  c  and  b. 

Suppose  the  distance  A3  prolonged  to  ^,  till  the  departure 

^y  is  equal  to  this  difference  of  longitude :  then  we  shall 

haye 

cb  :  <fb'  : :  COS  lat.  of  e6  :  1  (the  trig,  radius). 

But  u6  :  c'A'  : :  A«  :  Ac'  (EucUd  Prop.  4,  VI.) 
.'.  Ac  :  Ao'  : :  cos  lat.  oteb:  I  ,\ 

.-.  Ay  = ,  ^^  ^   .    =  Afl  X  sec  lat  of  c*  .  .  .  .  (I) 

cos  lat.  of  «d  ^  ' 

That  is,  the  proper  difference  of  latitude,  A0  must  be.increascd 

to  Ac'  =  Ac  X  sec  lat.  in  order  that  the  proper  departure,  eb, 

may  be  increased  to  an  amount,  ^^,  equal  to  the  difference 

of  longitude  of  e  and  b ;  in'other  words,  the  ship  having  made 

the  small  difference  of  latitude  Ac,  and  the  corresponding 

departure  cb,  must  continue  her  course  till  the  difference  of  latitude  has  increased  to 

Ac  X  8^  Iftt.  of  c,  in  order  that  her  increased  departure,  c'd',  may  give  her  difference 

of  longitude  made  in  sailing  from  Ato  b. 

Suppose  now  that  all  the  elementary  distances  are  prolonged  in  this  manner ;  it  is 
then  obvious  that  the  sum  of  all  the  corresponding  increased  departures  will  necessarily 
be  the  whole  difference  of  longitude  made  by  the  ship  during  its  course  from  A  to  B. 
Hence,  to  represent  the  difference  of  longitude  between  A  and  B,  we  must  prolong  the 
difference  of  latitude  AG,  till  tho  length  AC  becomes  equal  to  the  sum  of  all  tho 
increased  elementary  differences  of  latitude ;  this  done,  it  follows  that  the  departure 
CB*,  due  to  this  increased  difference  of  latitude,  will  represent  the  difference  of  longi- 
tude made  in  sailing  from  A  to  B. 

It  is  self-evident  that,  as  the  departure  OB,  actually  made  by  the  ship,  is  always 
lesi  than  the  difference  of  longitude  made,  there  must  be  some  more  advanced  departure 
CB',  that  would  be  exactly  equal  to  this  difference  of  longitude.  The  object  of  the 
foregoing  reasoning  is  to  discover  how  the  increased  difference  of  latitude,  due  to  this 
departure,  is  to  be  ascertained. 

Now  the  finding  the  leng^  of  AC  implies  tho  finding  of  all  its  elementary  parts  : 
suppose  we  take  each  of  the  elementary  parts  of  AG  equal  to  V,  that  is,  that  we  regard 
Ac  to  be  1  nautical  mile ;  then  A(f  will  be  equal  to  1'  X  sec  lat.  of  c.  And,  generally, 
if  /  be  the  latitude  of  any  point  in  AC,  the  length  of  a  minute  of  latitude,  terminating 
in  that  point,  will  be  increased  to  1'  x  sec  /. 

These  enlarged  portions  of  latitude  are  called  meridional  farts  ;  so  that  we  have 

Meridional  parts  of  1'  =:  sec  1' 

2'  =  sec  1'  -|-  sec  2' 
3'  =  sec  1'  +  sec  2'  +  sec  3' 
4'  =:  sec  1'  +  sec  2'  +  sec  3'  +  sec  4' 
6'  =  sec  1'  +  sec  2'  +  sec  3'  +  sec  4'  +  sec  5' 
&c.  &c. 

Consequently,  the  meridional  parts,  or  the  proper  enlargement  of  every  portion  of  the 
meridian,  measured  from  the  equator  up  to  any  latitude,  may  be  calculated  by  help  of 
a  table  of  natiiral  secants :  thus— 
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Nat.  see.  Mer.  parts* 

Mer,  parts  of  1'  =  lOOOOOOa       •  =  I  0000000 

2'  =  10000000  +  10000002  =  2-0000002 
3'  =  20000002  -f  100©0004  =  3-0000006 
4'  =  3-0000006  +  1-0000007  =  4*0000013 
5'  =  40000013  +  10000011  =  5-0000024 
&c.  &c.  &c. 

If,  therefore,  a  ship  leave  the  equator,  and  sail  upon  any  oourae  till  her  latitude 
becomes  1'  and  yrc  desire  to  know  how  much  she  must  increase  her  latitude  ia  erdcr 
that  her  corresponding  increased  departure  may  be  equal  to  her  advance  in  longitude, 
we  find,  from  the  above,  that  no  fiirthor  advance  in  latitude  is  to  b«  made ;  for  the 
difference  between  the  departure  corresponding  to  the  1'  of  latitude  already  madey  and 
the  advance  in  lougitude  is,  as  might  be  expected,  inseisible;  or  to  speak  more 
rigorously,  the  difference  is  too  minute  to  have  any  numerical  value  within  the  limits 
of  seven  places  of  decimals.  If  her  latitude  become  2',  her  corresponding  departuro 
falls  short  of  her  advance  in  longitude  by  a  quantity  so  small  that  she  has  only  to 
increase  her  latitude  by  0000002  miles  to  render  her  departure  exactly  equal  to  her 
difference  of  longitude. 

In  like  manner,  when  3'  of  latitude  are  made,  a  further  advance  in  latitude  to  the 
extent  of  -0000006  miles  is  all  that  must  be  made  to  render  her  departure  the  same  as 
her  difference  of  longitude  due  to  the  3'  of  latitude.  And  in  this  way  may  a  table  of 
meridional  parts  be  calculated,  minute  by  minute.  If  we  enter  such  a  table  with  the 
latitude  sailed  from  and  the  latitude  arrived  at,  and  subtract  the  meridional  parts  hr 
the  lower  latitude  from  the  meridional  parts  for  the  higher,  the  remainder  will  be  the 
mmdional  diffl^rmce  of  latitude,  or  the  line  AC  in  the  preceding  diagram.  If  the 
latitude  in  be  on  the  contrary  side  of  the  equator  to  the  latitude  left,  then,  of  course, 
the  sum  of  the  meridional  parts  for  the  two  latitudes  wiU  be  the  meridional  difference 
of  latitude. 

Having  thus  obtained  from  the  table  the  meridional  difference  of  latitude  (that  is 
the  line  AC'),  the  difference  of  longitude  (that  is  the  line  C'B*)  is  then  deduced  by 
this  proportion,  namely — 

As  radius  (1)  is  to  the  tangent  of  the  course,  so  is  the  meridional  difibrenee  of 
latitude  to  the  difference  of  longitude ;  or,  if  instead  of  the  course,  the  departure  (C  B) 
be  given,  then  the  proportion  will  be-- 

As  the  proper  difference  of  latitude  is  to  the  departure,  so  is  the  meridional  differ- 
ence of  latitude  to  the  difference  of  longitude. 

Such  are  the  correct  principles  upon  which  a  true  sea  chart  is  constructed ;  but 
whether  Gerrard  Mercator,  the  Flemish  chart-maker,  was  reaUy  in  possession  of  these 
principles,  or  whether  he  arrived  at  their  practical  results  by  a  scries  of  happy 
mechanical  experiments,  is  not  positively  known ;  he  never  divulged  the  methods  by 
which  he  proceeded,  and  his  secret  descended  with  him  to  the  grave.  The  first  chart 
he  published  was  in  1556  ;  and  it  was  not  till  the  year  1590  that  the  true  theory  of 
its  construction  was  expounded.  This  was  done  by  Edward  "Wright,  Fellow  of  Caius 
College,  Cambridge,  who  did  not,  however,  communicate  his  discovery  to  the  public 
till  the  year  1590,  when  his  "  Certain  Eirors  in  Navigation  Detected  and  Corrected," 
appeared ;  yet  the  key  to  the  entire  secret  is  furnished  by  the  single  equation  marked 
(I)  at  page  29,  a  property  ao  obvious,  that  we  cannot  but  suppose  it  must  hove  been 
noticed  by  numbers  of  persons  engaged  in  these  investigatioiis,  before  that  time ;  but, 
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like  the  oommon  occunrenee  of  the  falling  of  an  apple  from  a  tree,  it  was  not  perceived 
to  be  the  germ  of  a  theory  destined  to  ohange  the  aspect  of  an  important  department 
of  science,  till  it  arrested  the  attention  of  a  superior  mind. 

Edward  TTright  constructed  his  tablo  of  meridional  parts  after  the  process  described 
aboye  ;  that  is,  by  actually  adding  secant  after  secant  through  every  minute  of  the 
quadrant.  But  it  was  subsequently  shown  by  Dr.  Halley,  that  the  meridional  parts 
might  be  accurately  obtained  in  another  way — wc  shall  explain  how  at  the  end  of  the 
present  article. 

It  is  proper  to  remark  that  a  table,  constructed  agreeably  to  j\h\  Wright's  plan, 
will  be  moro  mathematically  correct  the  smaller  the  elementary  pWtions  of  the 
meridian  arc  asade ;  as,  for  instance,  if  the  portions,  instead  of  a  minute,  be  only  half 
2t  miiu&te  in  length.  Sueh  a  tabic  was  accordingly  constructed  by  Oughtred,  and 
further  extended  by  Sir  Jonas  Moore ;  but  the  modem  table  of  meridional  parts  is 
based  upon  the  strictly  accurate  theory  of  Dr.  Halley.  Mr.  AVright,  however,  Mas 
fully  sensiblo  that,  from  the  intervals  in  his  table  being  so  great  as  1',  Lis  meridional 
parts,  for  high  latitudes,  erred  a  little  in  excess,  and  he  pointed  out  tlic  method  of 
diminishing  the  error  to  any  extent. 

It  belioves  every  writer  on  Naviffation  to  bring  the  name  of  Edward  Wright 
prominently  forward  when .  treating  of  what  is  called  Mercator*s  Sailing.  Mereator 
has,  no  doubt,  tho  merit  of  originating  the  scheme  of  enlarging  the  degrees  of  the 
meridian  more  and  more  as  they  approach  tho  pole,  or  of  widening  the  intervals 
between  the  successive  parallels  of  latitude ;  he  was  tliu:^  instrumental  in  awakening 
attention  to  a  moro  correct  way  of  exliibiting  longitudes  on  aphart.  than  was  kno^vn 
Itefoire  his  time ;  but  that  ho  was  acquainted  witli  the  true  principles  discovered  by 
Wright,  there  is  strong  reason  to  doubt :  for  the  degrees  in  his  chart  were  not  length- 
ened in  the  due  proportion  which  those  principles  pointed  out. 

It  will  occur  to  the  reader  that,  when  the  course  A  is  a  large  angle,  a  small  inac- 
curacy in  the  measure  of  that  angle  may  considerably  affect  the  length  of  C'B' ;  and, 
therefore,  to  diminish  the  influence  of  this  error  in  the  course,  it  is  better  and  safer, 
when  it  differs  but  little  from  E.  or  W.,  to  use  the  middle  latitude  method  :  there  is  no 
deifeot  in  the  table  of  meridional  parts,  when  the  proper  decimals  arc  inserted,  but  in 
the  data  employed  in  connection  with  it. 

In  moet  coKections  of  navigation  tables,  however,  the  decimals  of  the  meridional 
parts  are  omittpd,  and  the  meridional  parts  given  only  to  the  nearest  unit.  It  is 
possible,  therefore,  that  in  taking  the  difference  between  two  numbers  in  tho  table, 
there  may  bo  an  error  of  nearly  a  mile  in  the  result.-    The  equation 

•  diff.  long.  =  merid.  diff.  lat.  X  tan  course, 
diows  that  the  corresponding  error  in  longitude  will  be  proportional  to  tho  error  in 
tan  course.  Suppose,  for  instance^  the  course  be  7  points,  the  tangent  of  which  is 
about  5 ;  then  the  eiTor  in  longitude  may  possibly  be  5  nules,  which  is  of  some  consi- 
deration ;  but,  as  observed  at)ove,  in  such  a  large  coui'se  the  middle  latitude  method, 
for  other  reasons,  should  be  employed.  It  would,  however,  be  an  improvement  if  the 
leading  decimal  belonging  to  each  meridional  pdrt  were  actually  inserted  in  the  tables. 
Bobertson,  one  of  the  most  able  and  instructive  writers  on  Navigation,  doss  introduce 
the  leading  decimal  ;*  and  so,  likewise,  does  Dr.  Ihman  in  his  Nautical  Tables.  An 
extensive  table  of  meridional  ports  will  also  be  found  in  the  quarto  collection  of  Tables 
*  We  4o  mat  andersbwi  what  Eobcrtsoa  means  when  he  says  **  But  a  tubte  of  meridional  parted 
I  co9ttnMteA1qr«h*BM)et  ac«xrate  xnethod,  hae  only  8lM>!ieed  tlwt  Mr.  Wright's  taUe  does  nowhere 
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of  J.  De  Mendoza  Bios.  The  following  short  table  will  show  the  true  meridional  parts 
calculated  agreeably  to  the  mathematically-correcl  formula  giyen  at  the  end  of  the 
present  article. 


deg. 

Wrigrht»s 
Mer.  Parts. 

True 
Bf  er.  Parts. 

degr. 

Wrijfht's 
Mer.  Parts. 

True 
Mer.  Parts. 

deg. 

Wriphfs 
Mer.  Parts. 

True 
Mer.  Parts. 

5 

300-369 

300-382 

35 

2244-305 

2244-287 

65 

5179-308 

5178-808 

10 

603-048 

603-070 

40 

2622-756 

2622-690 

70 

5966-681 

5965-918 

15 

910-433 

910-461 

45 

3030127 

3029-939 

75 

6971-549 

6970-340 

20 

1225129; 

1225139 

50 

3474-605 

3474-472 

80 

8377-342 

8375197 

25 

1549-988 

1549-995 

55 

3968-188 

3967-966 

85 

10769-620 

10764-621 

30 

1888-377 

1888-375 

60 

4527-711 

4527-368 

89 

16317-532 

16299-556 

We  shall  now  re-state  the  proportions  given  in  words  above,  and  proceed  to  examples. 
As  radius  :  tan  course  : :  mer.  diff.  lat.  :  diff.  long. 
As  proper  diff.  lat  :  departure  : :  mer.  diff.  lat.  :  diff.  long. 
JSxamples. 
1.  A  ship  from  latitude  51°  18'  N.,  longitude  9°  50'  W.,  steers  S.  33°  8'  W.,  till  she 
has  run  1024  miles :  required  the  latitude  and  longitude  in. 

The  difference  of  latitude  is  found  in  example  1,  page  23,  to  be  857^  miles,  or 
14°  17'  S. ;  and  therefore  the  latitude  in  37°  1'  N. 


51°  18'  mer.  parts 
37°   r 


Diff.   14°  17' 


3597-5 
2393-9 

1203-6 


As  radius 

:  tan  course,  33°  8' 
:  :  mer.  diff.  lat.  1204 


1     :  diff.  long.  785-8 

Hence  the  diff.  long.  =  13°    6'  W. 
long,  left  =    9°  50'  W. 
.-,  long,  in  =  22°  56' 


.—  10 

9-8147 
30806 

2-8953 


2.  A  ship  from  latitude  49°  57'  N.,  and  longitude  5°  11'  W.,  sails  between  the 
south  and  west  till  she  arrives  in  latitude  38°  27'  N.,  and  finds  that  she  has  made  440 
miles  of  departure :  required  the  course  steered,  the  distance  run,  and  the  longitude  in. 

The  course  and  distance  are  found  in  example  2,  page  24,  and  the  difference  of 
longitude  is  found  by  the  table  of  meridional  parts,  as  follows : — 


lat.  left  49°  57',  mer.  parts 
latin    38°  27' 


diff.  lat.  11°  30' 


3470 
2503 

967 


As  diff.  lat.  690  Arith,  Comp. 
departure  440 
mer.  diff.  lat.  967   . 


7-1612 
2-6435 
2-9854 
2-7901 


:  diff.  long.  616*7      . 
Hence  diff.  long.  =  10°  17'  W. 
Long,  left         5°  IV  W. 
Long,  in     .    15°  28'. 

exceed  the  true  meridian  parts  by  half  a  minute,  and  this  onlj  near  the  pole ;  for  in  latitudes  as  far 
as  navigation  is  practicable,  the  difference  is  scarcely  sensible."— Elements  of  Navigation,  by  John 
Eobertson,  formerly  Head  Master  of  the  Royal  Academy  at  Portsmouth,  vol.  2,  p.  136. 

Kobertson's  work  is  a  very  valuable  performance,  and  is  well  deserving  a  place  in  the  seaman's 
Ubrary,  It  may  be  frequently  picked  up,  at  the  book-stalls,  at  a  very  low  price.  For  a  correct  table 
of  meridional  parts  (the  deeimalB  omitted),  the  tables  of  Norie,  Biddle,  or  Raper  may  be  consulted. 
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8.  A  ship  fifom  latitude  61'  18'  N.,  longitude  9^  60'  W.,  sails  S.  33*  19'  W.,  tillher 
deputuro  is  664  miles :  required  her  longitude  in. 

'We  must  first  find  the  difference  of  latitude  made :  this,  hy  Example  3,  page  57,  is 
868  miles,  or  14"*  18'  S. :  the  latitude  left  and  the  latitude  in  will  then  become  known, 
and  thence  the  meridional  difference  of  latitude  may  be  found  by  the  table  of  men* 
dional  parts,  by  aid  of  which  the  difference  of  longitude  is  determined,  as  bdow. 


Ut.  left  61''  18'  mer.  parts 
diff:Ut.l4M8' 


3698 


As  diff.  lat.  854  Arith.  Comp. 
:  departure  664 


lat.  in    37°  0'       .                         .    2393 
mer.  parts  for  diff.  lat.    .        .    1205 

: :  mer, 
:diff. 

long.  7921    :. 

Difference  of  longitude 
Longitude  left 

• 

.     13'  21'  W. 
9'  60'  W. 

Longitude  in 

.    23'    2'W. 

Hence  the  longitude  reached  is  23'  2'  W. 

70665 
2-7513 
30810 

2-8988 


4.  Required  the  course  and  distance  from  the  east  point  of  St.  Michael's  to  the  Start 
Point. 

To  find  the  course  we  must  know  the  meridional  difference  of  latitude  and  the 
difference  of  longitude :  the  course  being  determined,  the  distance  will  be  found  by 
combining  it  with  the  proper  difference  of  latitude,  as  below. 

Start  Point  lat.  .  .  50'*  13'  N.        Mer.  parts  ,  .  3495        Long.  .  .     3"  38' W. 
St.  Michael's  lat.  .  37' 48' N.        Mer.  parts  .  .  2453        Long.  .  .  25'13'W. 


Diff.  lat. 


12'  25' 
60 


Mer.  diff.  lat.    1042 


Diff.  long.  21' 35' W. 
60 


Proper  diffl  lat.    745  miles. 


To  find  the  course. 
As  mer.  diff.  lat.  1042     . 
:  diff.  long.         1296     . 
:: radius 

:  tan  course,  61°  11'. 


—  3-0178 
31123 
10 


10-0945 


1295  miles. 


To  find  the  distance, 
dist.  =:  diff.  lat.  -7-  cos  course 
cos  61'  1 1'  =  -6,2,6,8)  746    (1 189 
6268 

1182 
627 

655 
601 

64 


Hence  the  comse  is  N,  6V II'.  E,/and  the  distanoe  U%%  tmift*. 


NAYIOATIOM  AND  ABT/tONOMY.'-No,  I//. 


66 


CONSTRUCTION   OF  WORKMAN'S  TABLE. 


It  may  be  as  irell  to  exhibit  here  tite  work  of  finding  the  diffsreno*  of  longitude  in 
Example  2,  and  the  course  in  this  last  ezample,  without  logarithms. 

For  the  difT.  long.  Ex.  2. 


^  diffi  lat. 

mer.  diff.  lat.  =  967 
44 


3868 

6,9)42548(616*6  miles 
414 

114 


458 
414 

44 
41 


tan  course 


For  the  course  Ex.  4. 
diff,  long. 


mer.  di£  lat, 
1,0,4,2)1296(1-243  =  tan  61°  11' 
1042 

253 
208 

45 
42 


Hence  the  course  is  N.  51°  11'  E. 


.-.diff.  long.  =  10°  17' W. 

The  examples  already  giyen  under  the  head  of  Middle  Latitude  Sailing  may  serre  for 
exercises  in  Mercator's  sailing.  A  comparison  of  the  results  of  the  two  methods  wiU 
also  show  the  value  of  Workman's  table  for  correcting  the  middle  latitude.  It  is 
necessary,  however,  that  the  learner  should  notice  that  the  two  reasons  given  at  page 
63  both  conspire  to  render  it  imadvisable  to  use  the  ordinary  table  of  meridional  parts 
when  the  course  much  excee^ds  45° ;  from  50°  and  upwards  the  middle  latitude  method 
is  to  be  preferred ;  and,  for  the  first  of  the  reasons  mentioned,  a  small  error  in  the 
course  had  better  be  in  defect  than  in  excess.  We  shall  now  explain  the  principles  on 
which  that  table  is  constructed. 

Comtxuction  of  the  Table  fox  Conecting  the  Middle  Latitude.  ^Let 

I  represent  the  proper  difference  of  latitude,  I'  the  meridional  difference  of  latitude, 
L  the  difference  of  longitude,  and  m  the  latitude  in  which  the  distance  measured  on  the 
parallel  between  the  two  meridians  is  exactly  equal  to  the  departuxe^  Then  first  by 
middle  latitude  and  them  by  Mercator's  sailing  we  have  for  the  tangent  of  &e  ooorse 


tan  course  == 


L  X  cos  m 


L 


.m  =  - 


Consequently  by  dividing  the  difference  of  latitude  I  taken  in  miles,  by  the  meridional 
parts  corresponding  to  that  latitude,  we  shall  get  cos  »»,  and  thence  w,  the  degrees  of 
latitude  in  which  the  parallel  between  the  two  meridians  is  exactly  equal  to  the  departure. 
It  is  the  differenee  between  m  and  the  latitude  of  the  middle  parallel  that  is  given 
in  the  table  at  page  59. 

By  means  of  the  corrected  middle  latitude,  the  difference  of  longitude,  and  the 
course,  the  nautiMkl  dlvtttMe  ii  found  ihiui  i— 
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Tho  aTgprmirtni  fiur  the  deputwe  by  jdaae  sailing,  and  by  midcQo  latitude  sailing, 

deptrtufe  s  ditt  x  sin  courae  =  diff.  long.  X  eoa  #t 
.'.  sin  course  :  cos  corrected  mid.  lat  : :  diff.  long.  :  distance. 

ConBtxnction  of  a  Table  of  Meridional  FaxU  I17  Ihr.  Salley'i  BKetliod.— 

In.  Mr.  Wright's  method  of  constructing  a  table  of  meridional  parts,  every  tabular 
number,  after  the  flrtt,  depends  upon  the  number  pteyiously  eakulated,  as  already . 
shown  at  page  62.    Dr.  Halley  proposed  another  plan  by  which  the  meridional  parts  . 
corresponding  to  any  giyen  latitude  may  be  computed  independently  of  prerious  cal- 
culations.   As  the  matter  is  of  ao  much  pceetical  interest  we  shall  here  show  how  this 
may  be  effected. 

To  transcribe  Dr.  Bailey's  investigation  (Philosophical  Transactions,  Ko.  219)  would 
be  to  occupy  more  room  than  we  can  spare :  we  must  thereA>re  employ  a  different 
process ;  and,  if  the  reader  be  unacquainted  with  the  first  principles  of  the  Differential 
and  Integnd  Cdcnfais,  he  may  pass  it  orer,  and  omit  this  artide  altogether. 

It  is  shown  at  page  61,  that  if  a  ship  in  latitude  x  rary  her  latitude  by  a  small  por- 
tion of  the  meridian  A  x,  and  that  she  continue  her  course  till  her  departure  becoBMS 
equal  to  the  difference  of  longitude  due  to  the  difference  of  latitude  A  ir,  then  the  in- 
creased difference  of  latitude  A  y,  necessary  to  produce  this  effect,  will  be 

A^ 
A  «r  =r  sec  1:  A  dr.  /.  '~-  =  sec  a;. 

'  '         A  a 

This  equatioii  is  rigorously  true  only  when  A  «,  and  consequeiitly  A  y  is  dimiaished 
to  the  last  degree  of  smalhtess;  so  tha^  employing  the  notation  of  the  differential  cal- 
culus, we  strictly  have 

---  =  sec  a;  .*.  duznaisc  x  dx 
dx 

and  the  cntegral  of  this  Is  the  equation 

y=:logtan(46°.fJa:)     ...     (1) 
The  logarithm  here  implied,  is  the  Napierian  logarithm.    To  change  it  into  Briggi^s, 
or  a  eoBtmoD  logarithm^  we  must  multiply  it  by  the  modulus     o<mcog        (^^  ^ 

article  on  Logarithms  in  the  Gibcle  of  the  Sicences,  page  279) ;  we  shall  then  get 
the  logarithm  of  the  natural  tangent  of  4:5°  -\-  i  x,  according  to  Briggs's  system.  But 
in  the  tables  it  is  not  the  log  of  the  natural  tangent  of  45''  •\'l  x^  but  this  log  increased 
by  lOj  that  is  inserted :  hence,  for  the  e(mmon  logarithtus,  tilie  equation  (1)  is 


=  log  tan  (45°  +  J  a^  —  1® 


2-3025«d... 
.-,  y  =  2-302585  {  log  tan  (45°  +  J  a;)  —  10  } 

This  is  ikm  eonaei  txfnmaxm.  far  the  increased  meridian  length,  measured  in  miles,  in 
nfcRBse  to  af^kohe  whoee  ladins  is  1  mile ;  to  adapt  it  to  the  globe  of  the  earth,  we 
must  multiply  the  expression  by  the  radius  of  the  earth,  or  by  3437*74679  nautical 
onksyfiic  in -er/si^  circle  the  radius  ia  equal  to  3437  74679  minutes  of  that  circle, 
thus:— 
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Had.  earth  X  314169*  .  .  .  =  length  of  180"  =  10,800  nautical  miles. 
.-.  Rad.  earth  =  5^^^  =  3437-74679  nautical  miles. 

o'14l09     .  .  . 

Hence,  for  the  number  of  miles  in  the  lengthened  meridian  y,  from  the  equator  to 
the  latitude  x,  we  haye  the  formula 

y  z=i  7915-7044679  {log  tan  (45''  +  Ix)  —  10 } 

or,  since  tan  (46°  +  Ja?)  =  cot  (45°  —  Ja?),  and  that 
R 

tan' 
the  preceding  formula  may  be  otherwise  written,  as  follows : — 

Meridional  lat.  =  7915*7044679  { 10  -  log  tan  (45°  -  J  proper  lat.)}  ...  (2) 
It  thus  appears,  that  if  the  log  tan  of  half  the  complement  of  any  latitude  be 
subtracted  from  10,  and  the  remainder  be  multiplied  by  7915*7044679,  the  product  will 
be  the  meridional  parts,  in  nautical  miles,  corresponding  to  that  latitude ;  ftnd,  there- 
fore, as  observed  at  page  67,  the  meridional  parts  for  any  latitude  may  be  computed 
independendy  of  previous  results. 

The  logarithm  of  the  constant  multiplier  7916*704  ...  is  3*8984895,  so  that  from 
(2)  we  have 

log  merid.  lat.  =  3*8984895  +  log  { 10  —log  tan  J  comp  lat.)  ...  (3) 
from  which  formula,  the  true  meridional  parts  for  all  latitudes  may  be  calculated.    A 
short  specimen  of  the  results  has  been  given  at  page  64.t 

We  shall  conclude  this  part  of  our  subject  with  a  few  remarks  upon  the  peculiar 
character  of  the  Rhumb  line,  or,  as  it  is  sometimes  called,  the  Loxodromio  curve. 

On  the  Continued  Rhumb  Line. — From  the  principles  of  Mercat(»'8  sailing, 
or  from  the  diagram  at  page  61,  which  connects  the  enlarged  meridian  with  the  diffe- 
rence of  longitude,  it  is  clear  that  if  a  ship  set  out  £x>m  any  point  on  the  globe,  and 
sail  on  the  same  oblique  rhumb  towards  the  pole,  it  can  reach  it  only  after  circulating 
an  infinite  number  of  times  round  it ;  for,  from  any  point  to  the  pole,  the  enlarged 
meridian  is  infinite  in  length,  and  so,  therefore,  is  the  difference  of  longitude  due  to 
this  advance  in  latitude,  provided  longitude  be  measured  round  the  globe  in  one 
uniform  direction :  the  longitude,  thus  meastyred,  being  infinite,  the  ship  must  wind 
round  the  pole  an  infinite  number  of  times. 

But— paradoxical  as  the  statement  may  appear — ^it  is  nevertheless  true,  that  the 

infinite  number  of  revolutions  about  the  pole  are  performed  in  a  finite  time,  and  that 

the  entire  length  of  the  spiral  track  of  the  ship  is  a  finite  line,    Howevor  Itnnge  this 

may  seem,  it  follows,  as  a  necessary  consequence,  from  ihe  principles  of  pfane  iaUing  ; 

for  these  principles  correctly  give, 

1    «Ai.    r^    1         diff.  lat.'. 

length  of  track  = 

**  cos  course 

which  is  finite ;  and,  therefore,  the  rate  being  uniform,  is  described  in  a  finite  time. 

The  matter  may  be  explained  as  follows :— Whatever  be  the  progressive  rate  of  the 
ship'  along  its  imdeviating  course,  the  times  of  performing  the  successive  revolutions 

*  See  Okomxtbt,  page  160. 

•i-  A  speoimen  of  a  chart,  constmcted  aeoordlog  to  these  principles,  is  given  at  page  16  of  the 
volume  on  Inorganic  Nature,  in  the  Ciacui  of  ths  Scxskcks. 
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about  the  pole  continiially  diminish  as  the  latitude  increases ;  both  the  extent  of 
cireuit,  and  the  time  of  performing  it,  evidently  tend  to  zero-^the  limit  actually 
attained  only  at  the  pole  itself.  Consequently)  an  infinite  number  of  circuits  must 
ultimately  be  performed  to  occupy  a  finite  portion  of  time. 

The  case  is  somewhat  analogous  to  those  infinite  descending  series  so  frequently 
met  with  in  arithmetic  and  algebra ;  they  are  infinite—not  in  their  aggregate  amount, 
but  only  in  the  number  of  the  continually-diminishing  parts  into  which  that  amount  is 
divided,  these  parts  becoming  less  and  less,  and  ultimately  vanishing  altogether. 

In  like  manner,  every  additional  circuit  the  ship  makes  round  the  pole,  increases 
the  length  of  the  previously-described  track  by  a  quantity  less  and  less,  the  successive 
increments  continually  diminishing,  and  ultimately  vanishing  altogether;  so  that,  just 
as  in  a  common  decreasing  geometrical  scries,  the  sum  of  tiie  increments — ^thus  con- 
tinually tending  to,  and  ultimately  terminating  in  zero — ^is  finite ;  and  hence  the  time 
of  describing  the  track  must  be  finite  too. 

TraTenei  liy  BUd-Latitude  and  Mexeator'i  Sailing. — In  order  to  work  a 
traverse  with  a  view  to  finding  the  ship's  place,  and  the  direct  course  and  distance  to 
it,  we  may  proceed  in  either  of  the  two  ways  following  :^ 

1.  Form  a  traverse  table,  in  the  first  two  columns  of  which  insert  the  several 
courses  and  distances,  and  in  the  remaining  columns  put  the  corresponding  difierences 
of  latitude  and  departures,  found  either  by  computation  or  by  reference  to  the  already 
computed  traverse  table,  and  thence  determine  the  whole  difference  of  latitude  and 
departure,  as  also  the  corresponding  direct  course  and  distance,  exactly  as  in  plane 
sailing.     (See  page  41). 

The  traverse  now  being  reduced  to  a  single  course,  find  the  corresponding  difference 
of  longitude,  either  by  mid-latitude  or  Mercator's  sailing. 

This  method  is  less  accurate  than  that  which  follows ;  because,  as  already  observed 
(page  50),  the  aggregate  of  the  several  departures  is  not,  in  general,  the  same  as  the 
single  departure  due  tp  the  correct  course  and  distance.  It  is  better,  therefore,  to  take 
the  several  differences  of  latitude  and  departures  separately,  and  thus  to  determine  the 
diffisrence  of  longitude  due  to  each  distinct  course,  and  thence  the  whole  difference  of 
hmgitade  made.    The  second  method  is  therefore  this  : — 

2.  Fill  up  the  columns  of  the  traverse  table,  as  directed  above ;  but  find  the 
aggregate  of  the  diff^  latitude  columns  oiUy.  By  means  of  the  successive  latitudes 
reached  at  the  end  of  each  course,  find  the  corresponding  mid-latitude ;  and  with  this, 
and  the  departure,  deduce  the  difference  of  longitude  made  at  the  end  of  each  course 
by  mid-latitude  sailing,  and  thence  the  whole  diff.  long,  made  good. 

But  if  Mercator's,  instead  of  the  mid-latitude  method  be  employed,  then  the 
several  departures  need  not  be  inserted  in  the  traverse  table  at  all.  An  example  will 
sufficiently  show  the  mode  of  proceeding  by  each  method. 

JExamples. 
1.  A  ship  fifom  latitude  38°  14'  N.  longitude  25"  56'  W.,  has  sailed  the  following 
courses  and  distances,  namely — 

Ist.  N.E.  *  N.  i  E.  56  miles.  2nd.  N.N.W.     38  miles. 

3rd.  N.W.  b  W.       46  miles.  4th.  S.S.E.        30  miles. 

5th.  S.  i  W.  20  miles.  6th.  N.E.  b  N.  60  miles. 

Bequired  the  latitude  and  longitude  in,  and  the  direct  course  and  distance  to  it. 
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Conraea. 

Dirt. 

DiiLUL 

Departure. 

N. 

S. 

K. 

W. 

N.E.iN,iR 

56 

45 

33-4 

N.N.W. 

3$ 

351 

14-5 

N.W.  6  W. 

46 

25-6 

38-2 

S.S.E. 

30 

27-7 

11-6 

S.  b,  w. 

20 

19-6 

3-9 

N.E.  *  N. 

60 

50 

33*3 

,' 

155-7 

47-8 

78-2 

56-6 

47-8 

56*6 

.-.  Direct  course  11°  16',  orN.  *E. 
Difltaoee,  111  mileg. 

108-4 

21-6 

The  direot  oonna  and  distance,  due  to  6iSL  Ut  108*4,  and  dep.  21-6,  are  Ibund  bj 
;  refer  one  ^  to  tlie  trayerse  table,  or  Ij  oomputation,  as  at  pages  16,  17,  to  be  as  abova. 


Ih/nd  the  diff.  long,  by  Iftd-Latitude  SmUnff. 


Latitude  left  . 
Di£  Ut.  108  m. 

Latitude  in 


.  38''  14'  N. 
.    r48'N. 

.  40*   y  N. 


Sum  of  lata 78'' 16' 

Half  sum  =  mid.  lat. 


.  39»    8' 


Diff.  long.  =  dep.  -7-  cos  mid.  lat 

=  21-6  H- -7757  =       Sy  E. 
Lon^tude  left  .  25*  56*  W. 


Longitude  in 


.  2r  28*  W. 


Tojind  the  tame  hy  Mereator's  SaiUng. 


Latitude  left  38°  14'  mer.  pts. 
Latitude  in   40'    2' 


Meridional  diff.  lat. 


2486 
2625 

139 


Diff.  long.  =  mer.  diff.  lat.  X  tan  coune. 

=  139  X  -199  z=  28*   E. 

Longitude  left       .        .        .  25'  6ff  W. 


Longitude  in 
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25'  28'  W. 


Courses 

Dist. 

Diff.  lat. 

Departure. 

Lata.  left. 

Lat8.in. 

Sam.lats. 

Mid.  lata. 

Diff.  long. 

1st. 

M 

V. 

45 

S. 

B. 
38-4 

W. 

38°  14' 

38«59' 

77'»13' 

38°  36' 

B. 
43' 

ir. 

2nd. 

38 

361 

14-5 

38»W 

38»34' 

78°  33' 

39°  W 

19 

3rd. 

46 

25-6 

38-2 

39^34' 

40« 

79«34' 

89«47' 

50' 

4th. 

30 

277 

llfi 

40«» 

39«»  32' 

79»32' 

39°  46' 

Ifi' 

Ml. 

20 

IM 

3-» 

a8»8a' 

srir 

7r»44' 

»»2a' 

5' 

6th. 

60 

50 

33-3 

39*12' 

40»    2' 

w»w 

39»87' 

tt' 

i 

lM-7 

47-3 

101' 

74' 

47.8 

74' 

DiffliaUtade       10«  4N. 


Difference  of  longitude      27'  b. 
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The  diff.  long,  columiu  may  be  filled  up  from  the  timTene  taUep  hj  takuig  the 
complement  of  each  mid.  lat.  m  a  eoone,  «nd,  with  the  corresponding  departurO|  finding 
the  pfToper  number  of  miles  or  minntea  ia  the  diaianH  column  of  the  table ;  or,  which 
is  somewhat  simpler,  take  the  middle  latitude  itself  as  a  course,  and  aeek  the  oor- 
responding  departnra  in  the  dif.  ktt.  column  of  the  taUoi  against  whioh,  in  the  dmt, 
colimm  will  be  found  the  number  of  miles  of  6iSL  long.  In  this  waj  the  two  dift  long, 
colunms  at  the  bottom  of  last  page  have  been  formed. 

Vr  TRS  BECOKD  XETHOD  (ICBBCATOE). 


1        Courses. 

Dist. 

Diff.  lat. 

Lats. 

M.  parts. 

M.diff.L 

Diff.  longr. 

V. 

8. 

'  38°  14' 

2486 

B.            W. 

N.KaN.JE. 

66 

45 

,  38''  69' 

2644 

68 

43 

N.N.W.    .    . 

38 

351 

39'  84' 

2689 

46 

18-7 

N.W.dW.    . 

46 

26-6 

40'* 

2623 

34 

50-6  ♦ 

S.S.E.  .    .    . 

30 

27-7 

39°  32' 

2686 

87 

15 

8.*W.     .    . 

20 

19*6 

39-  IV 

2660 

26 

61 

N.E.  b  N.      . 

60 

50 

\  40-    2* 

2626 

66 

48-4 

166-7 

47-3 

low 

74-3 

47-8 

74-3 

Die  latitiids     108*4  N. 


Difierenoe  of  longitude       271  £. 


Tho  di£  long,  columns  are  here  also  supplied  from  the  trayexae  table  hj  entering 
it  with  the  giyen  course  and  mer.  diff.  lat.  taken  as  the  proper  diff  lat. :  the  coneapondp 
ing  depaitare»  famished  by  the  table,  is  the  di£El  long. 

The  longitude  in,  by  ^  second  method,  whether  the  mid.  latitude,  or  Meroator'g 
sailing  be  employed,  is  25°  29^  W.,  and  the  latitude  and  longitude  left  being  given,  the 
direct  coarse  and  distance,  and  the  corresponding  departure,  may  be  readily  found  by 
ICercator's  sailing. 

2.  A  ship,  £»m  latitude  62°  20'  N.,  and  longitude  14°  38'  W.,  has  sailed  the  fallow- 
ing  ooursea,  namely— 

1st  £.  S.E.  43  miles.    2nd.  S.W.  82  miles.     3rd.  S.E.  b  S.  58  mUes. 
4Ui.  S.  S.W.  60  miles. 
Eequired  the  latitude  and  longitude  in. 

Ans.  Latitude  49°  67'  N.    Longitude  13°  67'  W, 

3.  A  ship,  from  latitude  52°  36'  N.,  and  longitude  21°  46'  W.,  has  sailed  the  follow- 
ing ooursea,  namely — 

1st  N.E.  36  miles.     2nd.  N.  b  W.  14  miles.      Srd.  NJB.  ^  £.  i  £.  58  miles. 

4th.  N.  b  £.  42  miles.    6th.  £.  NJB.  29  miles. 
Seqnired  tibe  latitude  and  longitude  in. 

Ans.  Latitude  64^  36'  N.    Longitude  18°  4'  W. 

4.  A  ship,  from  latitude  66°  14'  N.,  and  longitude  3°  12'  E.,  has  sailed  as  follows  :— 
let  N.  N.£.  i  £.  46  mUes.     2nd.  N.E.  f  £.  28  miles.     3rd.  N.  f  W.  62  mUes. 

4th.  N.E.  d  £.  i  £.  67  miles.    6th.  £.  S.E.  24  mUes. 

*  The  40  eorreipondiii;  to  this  in  the  **  Lat.**  column  is  more  nearly  994,  ^  that  dO'9  is  written 
instea  of  fO-T  fiT«n  in  the  tahto. 
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Required  the  latitude  and  longitude  in. 

Ans.  Latitude  68^  24'  N.    Longitude  7°  64'  E. 
6.  A  ship,  fifom  latitude  67°  30'  N.,  longitude  8°  46'  W.,  has  sailed  the  following 
courses,  namely — 

1st.  N.E.  64  miles.    2nd.  N.  N.E.  60  miles.    3rd.  N.W.  b  N.  68  miles.     4th.  W.  N.W. 
72  miles.      6th.  W.  48  miles.    ^Oth.  S.  QM.  38  miles.      7th.  S.  b  E.  46  miles. 
8th.  E.  S.E.  40  miles. 
Required  her  present  latitude  and  longitude  by  Mercator's  sailing. 

Ans.  Latitude  68°  43'  N.    Longitude  11°  43'  W. 

Sailing  in  Currents. —In  what  has  preceded,  the  course  of  the  ship  is  sup- 
posed to  have  been  indicated  by  the  compass,  and  that  she  has  actually  moTcd  through 
the  water  in  the  direction  of  her  leng^.  It  is  plain,  however,  that  if  a  current  act 
upon  the  ship,  she  will  be  diverted  from  the  course  shown  by  the  compass,  unless  the 
set  of  the  current  be  itself  in  the  direction  of  the  ship's  IcngUi,  when  the  rate  of  sailing 
only  will  be  interfered  with. 

The  set  of  a  current  is  the  point  of  the  compass  towards  which  the  stream  runs ; 
its  rate,  or  velocity,  is  called  the  drift  of  the  current. 

The  common  way  of  ascertaining  the  set  and  drift  of  a  current  unexpectedly  met 
with  at  sea,  is  to  take  a  boat,  if  the  weather  permit,  a  small  distance  from  the  ship ; 
and,  in  order  to  keep  it  from  driving  with  the  stream,  to  let  down,  to  the  depth  of  about 
100  fathoms,  a  heavyweight  attached  to  a  rope  fastened  to  the  stem  of  the  boat ; 
steadiness  being  in  this  way  secured,  the  log  is  hove  into  the  current ;  the  direction  in 
which  it  is  carried  is  observed  by  means  of  a  boat-compass,  and  the  number  of  knots 
run  out  in  half  a  minute  gives  tiie  hourly  drift.  In  this  way  the  set  and  velocity,  or 
drift,  of  the  current  is  estimated. 

I^e  set  of  the  current  being  ascertained,  we  can  apply  it  to  correct  the  compass-coune 
of  the  fifhip ;  and  the  drift,  or  velocity,  of  the  current  being  known,  we  can  apply  it  to 
correct  the  ship's  rate  of  sailing  as  indicated  by  the  log:  The  rate  indicated  by  the  log,  it 
win  be  observed,  is  only  the  rate  at  which  the  ship  moves  faster  than  the  log  moves  in 
the  ship's  direction,  and,  in  still  water,  is  the  velocity  of  the  ship  itself,  since  the  log 
remains  stationary ;  but,  as  in  a  current,  the  log  also  moves  in  the  direction  and  with 
the  rate  of  the  current,  the  absolute  velocity  of  the  ship  cannot  be  directly  determined 
by  the  log  in  the  customary  manner :  yet  the  distance  sailed,  as  indicated  in  this  way 
by  the  log,  and  the  course  steered  as  indicated  by  the  compass,  though  both  modified 
by  the  action  of  the  current,  and  therefore  both  inaccurate,  are  necessary  helps  to  the 
determination  of  the  true  course  and  distance. 

For  the  ship  has,  in  fact,  been  making  a  sort  of  double  course : — ^the  wind  has 
carried  her  on  a  certain  course  (shown  by  the  compass)  a  certain  distance,  and  the 
current  has  carried  her  a  certain  other  course  and  distance  in  the  same  time ;  the  final 
effect  being  the  same  as  if  the  two  courses  and  distances  had  been  sailed  in  succession ; 
so  that  the  case  becomes  a  very  simple  one  of  traverse  sailing,  as  in  the  fioUowing 
example. 

JExampIes, 

1.  A  ship  runs  N.E.  b  N.  18  miles  in  three  hours,  in  a  current  setting  W.  b  S.  two 
miles  an  hour :  required  the  course  and  distance  made  good. 

This  is  evidently  the  same  as  saying — ^A  ship  sails  the  following  courses,  namely— 
1st.  N.E.  ^  N.  18  miles.     2nd.  W.  ^  S.  6  miles.    Required  the  course  and  distance. 
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TRAYEBSB  TABLE. 


CounM. 

DiBt. 

Diir.  latitude. 

Departure. 

N.E.  b  N. 

18 
6 

N. 
15 

s. 
1-2 

10 

60 

IMfP.  lat.  13-8                 Dep.  41 

And,  with  the  difference  of  latitude  and  departure  thus  found,  we  haye  by  plane 
sailing,  or  by  the  trayerse  table,  the  distance  made  good,  14  miles,  and  the  course 
li  points,  or  N.  6  £.  }  £. 

2.  A  ship  sails  N.W.  60  miles,  in  a  current  that  sets  S.  S.W.  25  miles  in  the  same 
time :  required  the  course  and  distance  made  good. 

Ans.  Course  N.  69"*  38'  W.    Distance  56i  miles. 

3.  A  ship  has  sailed  the  following  courses  and  distances  in  twenty-four  hours : — 
Ist,  8.W.  40  miles ;  2nd,  W.S.W.  27  miles ;  3rd,  S.  b  E.  47  miles ;  but  she  has 

been  the  whole  time  in  a  current  setting  S.E.  b  S.  at  the  rate  of  li  miles  an  hour : 
required  the  ship's  direct  course  and  her  distance  made  good. 

Ans.  Course  S.  b  W.    Distance  117  miles. 

4.  A  ship  has  sailed  by  reckoning  N.^W.  20  miles,  but  it  is  found  by  observation, 
that  owing  to  a  current  she  has  actually  sailed  N.N.E.  28  miles :  required  the  set  of 
the  current  and  the  amount  of  drift  upon  the  ship. 

Ans.  Set  N.  64*'  48'  E.    Drift  14  mUcs. 

The  method  described  aboye  of  estimating  the  set  and  drift  of  a  surface  current,  by 
sinking  a  weight,  and  observing  the  direction  and  velocity  of  the  log,  is  often  likely  to 
lead  to  conclusions  not  strictly  correct.  Lieut.  Walsh  and  Lieut.  Lee,  of  the  United 
States  Navy,  while  carrying  on  a  system  of  observations  in  connection  with  the  wind 
and  current  charts,  had  their  attention  directed  to  the  subject  of  submarine  currentsy 
upon  which  they  made  some  interesting  experiments.  A  block  of  wood  was  loaded  to 
sinking,  and,  by  means  of  a  fishing  line,  was  let  down  to  the  depth  of  one  hundred 
and  five  hundred  jhthoms.  A  small  float,,  just  sufficient  to  keep  the  block  from 
sinking  fScurther,  was  then  tied  to  the  line,  and  the  whole  let  go  from  the  boat. 

To  use  their  own  expressions— '<  It  was  wonderful  indeed  to  see  this  barrega  move 
o£^  against  wind,  and  sea,  and  surface  current,  at  the  rate  of  over  one  knot  an  hour,  as 
was  generally  the  case,  and  on  one  occasion  as  much  as  1}  knot.  The  men  in  the 
boat  could  not  repress  exclamations  of  surprise,  for  it  really  appeaCred  as  if  some  monster 
of  the  deep  had  hold  of  the  weight  below,  and  was  walking  off  with  it." 

The  e£fect8  of  such  under-currents  must  sometimes  interfere  with  the  results, 
deduced  in  the  ordinary  way,  for  the  set  and  drift  of  a  surface  current,  since  to  hidden 
influences,  of  the  existence  of  which  the  observer  has  no  suspicion,  part  of  what  he 
attributes  to  the  surface  current  may  be  really  due:  the  boat,  though  apparently 
steady,  may  have  an  imperceptible  drift.  Such  drifts  are  not  caused  so  much  by  the 
action  of  the  under-current  up<Hi  the  sunken  weight,  as  by  the  bellying  of  the  line  in 
the  direction  of  the  set.  The  surface  current,  too,  if  of  any  considerable  depth,  may 
operate  in  a  similar  way. 

Admiral  Sir  Francis  Beaufort,  when  in  the  Mediterranean,  made  several  experi- 
ments on  this  subject.    He  says — 
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*^  The  counter  currents,  or  those  which  return  beneath  the  surface  of  the  water,  are 
very  remarkable :  in  some  parts  of  the  Archipelago  thej  are  at  times  so  strong  as  to  pre- 
vent the  steering  of  the  ship ;  and,  in  one  instance,  on  sinking  the  lead,  ndien  the  sea  was 
calm  and  clear,  with  shreds  of  bunting  of  various  colours  attached  to  every  yard  of  the 
line,  they  pointed  in  different  directions  all  round  the  compass." 

For  the  foregoing  quotations  on  the  under-currents  of  the  ocean  we  are  indebted  to 
a  recent  publication  of  great  value  and  ability,  "  The  Physical  Geography  of  the  Sea," 
by  Lieut.  Maury,  of  the  United  States  Navy,  the  author  of  "  The  Wind  and  Current 
Charts,"  in  which  the  results  of  ezteasivd  observation  and  experience,  in  different 
seasons,  and  during  a  course  of  yeazs,  in  all  parts  of  the  globe,  are  recorded.  Speaking 
of  these  charts,  the  distinguished  writer  says — **  The  young  marinflr,  instead  of  gropnig 
his  way  along  till  the  lights  of  experience  should  come  to  him  by  the  ^w  teadungs 
of  the  dearest  of  all  schools,  would  here  find,  at  once^  that  he  had  already  the  expe- 
rience of  a  thousand  navigators  to  guide  him  on  his  voyage.  He  might,  tharafiDre,  ael 
out  up<»L  his  first  voyage  with  as  much  confidence  in  his  knowledge  as  to  the  winds 
and  currents  he  might  expect  to  meet  with  as  though  ho  himself  had  already  been  that 
way  a  thousand  times  before."* 

Oblique  Sailing— Taking  Depastnsee.— From  what  has  hitkerte  baea 
delivered  the  learner  has  perceived  that  oblique-angled  triangles  maybe  dispeiifled  with 
in  all  the  ordinary  computations  which  enter  into  the  dead  reckoning.  But  at  the 
commencement  of  her  voyage,  b^ore  the  ship  is  out  of  sight  of  some  known  point  of 
land  or  other  object  on  there,  the  distance  and  bearing  of  that  object  is  Ibtmd,  aad 
thus  a  first  course  and  distance  obtained.  This  is  called  taking  a  tkpatka^.  It  ii  a 
common  practice  to  observe  the  bearing  by  compass,  and  to  estimate  the  distance  by 
guess,  and  experienced  navigators  can  in  this  way  come  pretty  near  the  tnith ;  bat  as 
in  this  treatise  the  object  is  to  describe  the  most  accurate  methods  of  perferming  Uw 
various  calculations  of  Navigation,  we  shall  devote  a  short  artiele 
to  the  more  correct  way  of  taking  a  departure,  which  is  by 
observing  two  bearings  of  the  object,  and  measuring  by  the  log 
the  distance  sailed  by  the  ship  in  tihie  interim  between  tbe 
observations.  The  solution  of  an  oblique-angled  triangle  witt 
thus  become  necessary,  as  in  the  following  example. 


1.  In  sailing  down  the  Channel  the  Eddystone  lighthouse 
bore  N.W.,  and  after  running  W.  ft  S.  8  miles  it  bore  N.K.E. : 
required  the  ship's  course  and  distance  &om  the  Eddyatone  at 
the  last  place  of  observation. 

In  the  annexed  diagram  A  represents  the  first  position  of 
the  ship,  and  B  the  lighthouse,  tiie  bearing  of  which  from  A^ 
that  is,  the  angle  NAB,  is  N. W.,  or  4  points.  C  is  the  seoond 
position  of  the  ship,  and  the  bearing  of  B  from  this  position,  that  ie,  the 
angle  N'CB,  is  N.N.E.,  or  2  points.  Also  the  course  of  the  ship  in  the  interim, 
that  is,  the  angle  SAC,  is  W.  ft  S.,  or  7  points.  Hence  the  angle  BAC  is  16  points  «^  11 
points  =  5  points ;  also,  since  the  angle  SAC  r=  N'CA,  we  have  BCA  =r  7  points  —  2 
points  =  5  points.    Consequently  the  angle  B  is  16  points  —  10  points  z=  6  p^nnts, 

•  "The  Physical  Geograpby  of  the  Sea."    By  M.  F.  Maury,  LL.D.,  Lieut.  IT.8.  Hary.    1855. 
Introduction,  p.  vL 
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soihmtmthetruui^eABC  are  giy«n  AC  r=:  8,  A  =z  MM«' a&d  B  =  67*  9<r,  to  find 

BC  as  follows:— 

As  sin  B,  67**  SO'  Aiitfa.  Comp.  -0344 

:     sin  A,  66^  1^  .  .    9^198 

:  :  AC  =    8°  -9081 

:      CB=    7-2  .  -8^73 

Consequently,  the  distance  of  the  Eddystone  from  the  last  place  of  obserration  is 
7*1  miles ;  and,  as  the  course  to  the  Eddystone  is  N.N.E.,  the  course  from  the  Eddy- 
sfame  to  the  place  of  the  diip  must  be  S.S.W.,  the  opposite  point. 

Ab  the  triangle  BCA,  in  this  example,  happens  to  be  isosceles,  the  angles  at  A  and 
C  being  equal,  a  perpendicular  upon  AC  from  B  will  bisect  AC,  so  that  we  shall  have 

CB  =  4  see  56*  15'  =  4  -^  cos  56*  16'; 
that  iS)  GB  =  4  H-  *556  r=  7-2,  as  in  the  margin.    And    ««•  5«'  ^^  =  ^^^^ia  ^^^ 
this  is  an  easier  way  of  &iding  the  distance  than  that  ^^ 

ezhifaited  abore;  but  when,  as  is  usual,  the  triangle  is  n 

scalene,  the  operation  by  log&rithms,  as  in  the  specimen  11 

alxyvo,  is  to  be  prefiBvred. 

2.  Soiling  down  the  Channel  the  Eddystone  bore  K.W.  h  N.,  and  alter  running 
W.S.lf .  18  milesy  it  bore  N.  4  E. :  reqmred  the  course  and  distance  from  the  Eddy- 
stone  to  both  statiouB. 

Ans.  Coarse  SUB.  b  S.,  distance  81«2  mUee  from  first  station.    Course  8.  b  W., 
distenee  25  miles  fnm  second. 

S.  Coasting  along  shore,  a  headland  bore  N.E.  h  N. ;  then  haying  ran  15  miles 
B.  5  H.,  the  headland  bore  W.K.W. :  required  the  distance  from  the  headland  at  each 
tioM  of  obserratlcn.  Ans.  First  distance  8)  miles ;  second  10*8  miles. 

4.  Two  ships  sail  at  the  same  tLOEie  from  one  port ;  one  sails  E.S.E.,  and  the  other 
S.ft.E. :  rofuired  their  bearing  and  distance  when  each  has  run  37  i  miles. 

Bearing  from  first  ship  N.  45°  E. ;  distance  28*7  miles. 

eiMtt  <3licln  Baillns— SJiorteainc  of  Faaaagaa,— The  great  object  of  the 
narigator  is  to  reach  the  port  he  intends  to  make  by  the  shortest  route.  The  path 
described  by  a  ship,  sailing  on  what  is  called  a  direct  course  from  one  place  to  another, 
is  not  the  shortstt  path,  unless  the  ship  sail  either  on  the  equator  or  on  a  meridian. 
The  oblique  spiral  track,  or  rhumb-line,  of  a  ship,  sailing  in  any  other  direction, 
exceeds  the  arc  of  the  great  circle  joining  the  two  places  by  an  amount  that  becomes 
iBore  and  more  considerable  as  the  distance  increases.  The  shortest  distance  between 
any  two  points  on  the  globe  is  the  arc  of  the  great  circle  between  them;  for  the 
corvatiira  of  this  arc  is  less  than  that  of  any  other  line  drawn  on  the  surface,  from 
point  to  point,  and  therefore  approaches  more  nearly  to  a  straight  line. 

If,  therefi^re,  a  ship  could  sail  accurately  on  the  arc  of  a  great  circle,  voyages 
might,  in  general,  be  considerably  shortenecL  But  a  great  circle  outs  all  the  meri- 
dians it  crosses  in  different  angles,  so  that  to  keep  on  such  a  circle  the  course  must  be 
continually  varying.  The  practical  impossibility  of  changing  the  course  every  instant 
renders  Great  Circle  Sailing — strictly  speaking — a  matter  of  mere  theoretical  q>ecu- 
lation.  Much  advantage,  however,  has  been  found  to  arise  from  dividing  the  great 
circle  path,  frx>m  one  place  to  another,  into  short  portions,  or  stages,  and  to  reach  these 
in  succession  by  the  ordinary  methods  of  sailing.    A  ship  making  these  several  stages? 
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though  never  actually  moying  on  the  great  circle,  always  keeps  so  closely  in  its  neigh- 
bourhood as  to  be  a  considerable  gainer,  in  point  of  time,  in  a  long  voyage. 

Mr.  Towson,  of  Devonport,  has  been  at  the  pains  of  constructing  tables,  by  which 
the  proper  successive  courses  necessary  to  cause  the  entire  track  of  the  ship  to  approxi- 
mate as  closely  as  conveniently  practicable  to  the  great  circle  path,  may  be  found ; 
they  are  published  by  the  Admiralty,  under  the  title  of  ^'  Tables  to  facilitate  the 
practice  of  Great  Girdle  Sailing/'  We  can  do  no  more  than  allude  to  them  here,  and 
recommend  them  to  the  notice  of  the  practical  seaman. 

But,  without  the  aid  of  tables,  a  twelve  or  eighteen-inch  globe  would  be  of  service 
in  suggesting  how  to  shape  the  different  courses  ;  a  line  stretched  from  one  point  to 
another,  on  such  a  globe,  would  show  the  great  circle  track  between  them.  If  a  brass 
circular  lim,  two  or  three  inches  in  diameter,  made  to  lie  close  to  the  surface  of  the 
globe,  were  divided^  like  a  compass-card,  and  if  a  tubular  box  inclosing  a  reel,  with  a 
yard  of  thread,  were  to  rise  from  its  centre,  this  centre  might  be  applied  to  any  proposed 
spot ;  and,  by  means  of  the  thread,  pulled  out  under  the  disc,  each  successive  course 
could  be  ascertained :  the  only  care  being,  that  the  north  and  south  line  of  the  disc — 
which  should  be  marked  on  the  only  metallic  diameter  it  need  to  have — ^be  made  to 
coincide  with  the  meridian  of  the  place  under  the  centre  of  the  instrument :  we  offer 
this  suggestion  as  one  that  might,  perhaps,  be  turned  to  practical  account  in  long 
voyages.  But,  to  give  perfection  to  the  problem  of  shortening  passages,  the  ''  Sailing 
Directions,"  and  **  The  Wind  and  Current  Charts,"  by  Lieutenant  Maury,  are  of  the 
greatest  use.  The  winds  blow  and  the  currents  run  in  all  parts  of  the  ocean.  "  These 
control  the  mariner  in  his  course  ;  and  to  know  how  to  steer  his  ship  on  this  or  that 
voyage,  so  as  always  to  make  the  most  of  them,  is  the  perfection  of  navigation. 
When  one  looks  seaward  from  the  shore,  and  sees  a  ship  disappear  in  the  horizon  as 
she  gains  the  offing,  on  a  voyage  to  India,  or  the  antipodes  perhaps,  the  common 
idea  is  that  she  is  bound  over  a  trackless  waste,  and  the  chances  of  another  ship,  sailing 
with  the  same  destination  the  next  day,  or  the  next  week,  coming  up  and  speaking 
with  her  on  the  *  pathless  ocean,'  would,  to  most  minds,  seem  slender  indeed.  Yet  the 
truth  is,  the  winds  and  the  currents  are  now  becoming  to  be  so  well  understood,  that 
the  navigator,  like  the  backwoodsman  in  the  wilderness,  is  enabled  literally  *  to  blaze 
his  way '  across  the  ocean— not,  indeed,  upon  trees,  but  upon  the  wings  of  the  wind. 
The  results  of  scientific  inquiry  have  so  taught  him  how  to  use  these  invisible  couriers, 
that  they,  with  the  calm  belts  of  the  air,  serve  as  sign-boards  to  indicate  to  him  the 
turnings,  and  forks,  and  crossings  by  the  way."* 

We  here  terminate  our  exposition  of  the  Principles  of  Navigation,  in  so  fiir  as 
these  are  independent  of  astronomical  observations.  What  has  hitherto  been  taught 
the  learner  will  remember  concerns  only  what  is  called  the  dead  reckoning,  which  is 
generally  affected  with  errors,  more  or  less,  on  accoimt  of  the  practical  difficulty  of 
measuring  course  and  distance  with  strict  precision,  as  well  as  on  account  of  disturbing 
causes,  either  operating  unseen,  or,  where  observed,  but  imperfectly  estimated.  It  is 
the  business  of  Nautical  Astronomy  to  rectify  these  unavoidable  defects,  to  adjust  the 
place  of  the  ship,  from  time  to  time,  to  its  true  position,  and  thus  to  enable  the 
mariner  to  take,  as  it  were,  a  new  departure,  and  start  afresh  upon  each  saccessive 
stage  of  his  journey. 

As  an  introduction  to  this  important  branch  of  our  subject,  we  shall  now  give  an 
article  on  the  rotation  of  the  earth,  agreeably  to  our  promise  at  page  33. 
•  Maury's  "  Phyrical  Geography  of  the  Sea,"  page  262 
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NAUTICAL  A8TE0N0MY. 

Zntoodmetloii.— <hi  the  Rotation  of  the  Xurth.— The  common  aiguments 
in  support  of  the  doctrine  that  the  earth  has  a  diurnal  rotation  about  one  of  its 
diameten  give  to  that  doctrine  a  degree  of  probability,  so  nearly  approaching  to 
absolute  certainty,  that  the  mind  readily  acquiesces  in  the  reality  of  the  phenomenon. 
Since  the  time  of  Copernicus,  the  eyidence  for  the  earth's  rot^ition  has  been  continually 
increasing;  but  still  this  eyidence  is  not  of  that  direct  and  positive  kind  that  is 
necessary  to  give  to  it  the  character  of  demonstration.  AU  the  other  hitherto-dis- 
coyered  planets  of  our  system  reyolye  on  their  axes,  and,  as  might  be  expected  as  a 
oonsequence  of  this  reyolution,  those  of  them  upon  which  the  examination  can  be  made 
are  seen  to  be  flattened  at  their  poles.  It  is  probable,  therefore,  that  the  planet  we 
inhabit  aUo  reyolyes  on  an  axis ;  if  so,  it  too  may  be  expected  to  be  flattened  at  its 
poles.  Whether  or  not  this  U  the  case  can  be  actually  ascertained  by  experiments  : 
these  haye  been  undertaken  and  repeated  again  and  again  with  the  greatest  care,  and 
by  independent  and  widely  different  means :  the  results  aU  show  that  the  earth  m 
flattened  at  the  poles.  There  is  thus  a  yery  high  degree  of  probability  that  the  earth 
rotates,  and  this  is  further  increased  by  the  fact  that  all  the  phenomena  of  the  heayens 
are  completely  consistent  with  the  hypothesis  of  such  a  rotation,  that  it  is,  moreoyer, 
the  simplest  hypothesis  upon  which  the  celestial  appearances  can  be  explained,  and 
that  to  attempt  to  account  for  them  on  any  other  hjrpothesis  inyolyes  the  system  of 
the  nniyerse  in  such  intricacy  and  extreme  complication  that,  judging  from  all  the 
other  operations  of  nature,  we  cannot  bring  ourselves  to  suppose  that  such  complex 
machinery  should  really  be  the  '^  handiwork"  of  an  all-wise  Creator  when  means  so 
immeasurably  simpler  presented  themselves  of  bringing  about  the  same  ends.  It  can 
scarcely  be  charged  to  the  £ing  Alphonso  as  a  sentiment  of  impiety  when  he  exclaimed, 
in  reference  to  the  confused  astronomical  systems  of  the  ancients,  '^  If  I  had  been 
the  Almighty's  counsellor  when  he  framed  tiie  universe  I  would  have  advised  him 
better." 

But,  notwithstanding  all  this,  a  sensible  or  experimental  proof  that  the  earth 
rotates  was  stOl  wanting:  its  general  figure,  as  already  declared  (page  33),  can 
be  experimentally  discovered:  its  superficial  rotundity  can  be  seen.  It  is  very 
desirable  that  we  should  have  the  same  ocular  evidence  of  its  rotation.  A  pro- 
found writer  on  Physical  Astronomy  has  observed,  that  "Wq  must,  however,  be 
content,  at  present,  to  take  for  granted  the  truth  of  the  hypothesis  of  the  earth's 
rotation.  If  it  o<»itinues  to  explain  simply  and  satisfactorily  other  astronomical  phe- 
nomena than  those  already  noted,  the  probability  of  its  being  a  true  hypothesis  will 
go  on  increasing. 

'^  We  shall  never  indeed  arrive  at  a  term  when  we  shall  be  able  to  pronounce 
it  absolutely  proved  to  be  true.  The  nature  of  the  subject  excludes  such  a  possi- 
bility." 

This  predictbn  of  Professor  Woodhouse  has  been  falsified :  we  can  now  obtain 
sensible  eyidence  of  the  rotation  of  the  earth. 

The  idea  of  proving  this  interesting  phenomenon  to  the  senses  occurred  a  few  years 
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«^v  \/j  M .  i^auK^kuIt  <^f  Pum  :  it  wM  suggested  t/>  Hm  1)t  acddentallj  obserrmg  the 
ui'AMM  of  a  wii'i!^  »iu^ja^ibd  by  a  ^tiizig  to  a  high  ceiling,  said  irhkh,  bj  chance,  had 
Lmx-u  »(H  vAjruXiujey  M'jKi  of  our  rea4«rs  must  remember  the  sensation  prodnoed  in  the 
i^:U:hiit^:  uvrM,  iathi;  Ki^nng  of  1()'S1,  bj  the  remarkable  PEXDrxm  ExPEXDOcnof 
Fttu/;4iuJt.  We  htifif  pf'ipoee  t^>  fubmit  to  them,  withont  going  into  any  minute 
w«iUM;fuati/;ai  dctaibt,  what  ayittsfun  i/j  lutohf:  a.  conclusiye  and  sada&ctorj  ezplanation 
of  th0  luai ui«r  in  whleh  thia  experimeBt  na^en  the  rotation  of  the  eutb  •  iimHi  i  of 
ptfuoufd  obttMrvation ;  but  a«  wh  vrite  chiefly  for  the  young,  and  for  those  who  may 
ha  «up[>rMed  to  U  but  llttLe  habltuatod  to  scientifie  research,  we  shall  prerioasly  oAhr 
t>  tJU»if  aiUntUm  a  Ibw  general  renuu^  in  reference  to  what  may  be  called  the  two 
great  postulates  of  SNtronomy  :  these  are  the  rotaticm  of  the  earth,  and  the  hypothesis 
of  graviCatUm, 

We  s(»eak  of  gravitation]  as  a  physical  hypoiheria :  it  is  not,  like  a  propoaitian  ia 
l^tunnoiry,  a  ueeessary  truth ;  nor  is  it  an  observed  fkct  recognisaUe  by  oar  senses. 
Qartnin  phenomena  in  nature  are  observed :  thoy  exhibit  a  regolarity  d  snceeasioB,  and 
a  iimiual  depondenoe,  that  suggest  the  idea  of  a  connecting  principle  and  a  goTsmho^ 
luw.  The  phenomena  are  tntt,  their  proximate  cause  is  in/erred.  The  phiksq^ber 
liKiks  abroad  upon  nature,  and  carefully  studies  the  fiiots  she  presents  to  him,  the  oadtt 
of  their  reeurrenoe,  and  the  measure  of  their  intensities :  he  retires  to  his  cloeet,  and 
euduftvours  to  frame  a  law  of  which  tho  appearances  he  has  been  studying  shall  be  the 
outward  expression — tho  practical  manifestation.  This  is  an  hypothesis.  An  hypothesis, 
theiDibre,  need  not  be  more  than  (K>cxtensive  with  tho  phenomena  actaally  obeerred ; 
but  It  is  a  strong  (U)nArmation  of  the  soundness  of  an  hypothesis  when  it  is  jfoand  that 
nusy  and  unexpected  phenomena  are  equally  comprehended  in  it,  and  a  stronger  eon- 
Hrmatltm  still  when  such  phenomena  can  actually  be  predicted.  The  two  ftmdamental 
hy  iHtthesea  of  Astronomy — the  rotation  of  tho  earth,  and  the  law  of  gravitation — have 
this  ohara4«ter  in  tho  highest  ilogruo :  every  new  discovery  in  the  science  has  only  the 
miu^  Hriuly  eataUishtMl  the  truth  of  both. 

Tht)  leamor  wUl  peitH>lYO  that  we  could  not,  with  any  propriety,  speak  in  this  way 
K\t  the  truthn  K\t  goometry :  lA#y  are  quite  independent  of  the  confirmations  of  experienoe, 
uud  huucu  tho  marked  diHtirt^uoo  betweon  physical  and  geometrical  science.  When  Dr. 
Il4lley  had  prediotvHl  tho  i\^um  of  the  comet  of  1682  in  1759,  and  Glairaut  had  computed, 
tV\'U\  iho  hyiK^thi'^is  of  ^ravitution,  tho  timo  when  it  ought  to  appear,  its  return  was 
wutvhed  fvMT  by  aatrouowefe  with  the  greatest  interest — not  from  any  anxiety  to  see  the 
iKiuiut,  but  to  kara  how  the  hypothe^us  of  gravitation  would  stand  so  severe  a  test; 
w»U  Iho  rv^ai^p^MtraniN)  of  the  same  comet  in  1$3«^  was  anticipated  with  bko  interert, 
Mdvly  iu  rvl^renvo  to  the  planetary  attractions—that  is,  to  the  gencnl  theixy  of 
git^vctatiuii. 

«*  Th^  vudo  iWipfoaittoA  of  tho  uniioim  revohrtwn  of  the  moon  in  ft  cirela  abool  tiie 
tf^rth  aa  a  iw«tre^  led  Newloa  at  eneo  to  the  tme  law  of  gravity*  as  extending  fiaai  the 
euvth  to  fta  \^>ittpamoa.  The  uni^m  eirewlar  ntetioBS  of  tfie  plaaiels  abo«l  the  am  in 
liuuHi  tUlowiug  thv^  pix^rv^ott  a^jsugutsi  bv  obt$crvation  in  Kepler  ;$  mlsw  confinied  dM 
Uw«  aMvl  oxtcndsU  it»  ittlluv.'ftce  to  th^  bouadariKW  of  our  system.  Evety  this^  more 
rvlliM,Hl  ihatt  thi«»<— tho  eUi^^ic  m<.>tioBa  of  the  planets  and  satefikeo— tbrir  apstual 
^vicuibutioaa  -  cho  slow  chait^'d  of  thj^ir  oroirs  and  motions  denominased  saerfai 
vaiiMtionA^  tho  devbciQa  of  their  tigwtva  fteaa  ^  spherical  Ibfn — the  caciDatory 
ukoiioudL  of  iht^-  JACiS  which  produw  uuMtioA  Sfiad  ptscsssiqtt  of  tho  ttipamsmam  the 
Iheoiy  of  the  tUissk  both  «f  tht^eeaaAtnitibe  aiMsph«%--ham  aS  hi  saaoaanna  been 
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80  many  trials  for  life  and  death  in  irhidi  this  law  has  b«en,  aa  it  irere,  pitted  against 
Baftme:  trials  whose  event  no  human  foresight  ooold  predict,  and  whereat  was 
impossiblo  eren  to  conjeotnre  what  modifications  it  might  he  found  to  need.  Even  at 
this  moment,  if  among  tho  innumorablc  inequalities  of  the  lunar  or  planetary  motions 
Sflj  cmbj  howvrer  small,  should  he  discovered  decidedly  not  explicable  on  the  hypothesis 
of  a  fioree  varying  as  the  inverse  square  of  the  distance,  that  hypothesis  must  bo  modified 
tiUitacMOuntaforit"* 

From  these  statements  the  student  will  perceive  that  one  of  the  two  fundamental 
hypotheses  of  astronomy — the  hypothesis  of  gravitation — is  not  ixxefragably  established 
Ifto  a  proposition  in  £uelid ;  nor  is  it  a  truth  set  at  rest,  once  and  for  ever,  by  obser- 
vatioB  and  experiment.  Indeed,  no  physical  truth  can  be  regarded  as  thus  unalterably 
fixad,  like  a  nt^smrp  truth  of  geometry.  The  laws  of  nature  ifury  change ;  the  sup- 
positioii  of  such  a  change  would  involve  no  such  absurdity  as  that  which  would  be 
implied  in  the  supposition  that  the  three  angles  of  a  triangle  ooold  evor  exceed  or  fall 
ahort  of  two  right  angles.  This  truth  would  remain  undisturbed,  however  the  pro- 
pcrtifli  of  matter  might  be  modified,  and  even  though  matter  were  to  be  altogether 
amuhilated.  It  is  obvious  that  we  reckon  upon  the  continuance  of  the  properties  of 
awtter,  Aid  the  return  of  natural  phenomena,  only  to  the  extent  to  which  we  reckon 
vpon.  the  permanence  of  the  existing  natural  laws.  And  Laplace  has  calculated  the 
probability  that  the  son  will  not  rise  to-morrow. 

But  assuming  the  unchangcableness  of  nature's  laws,  we  are  authorised  in  regarding 
eoEtein  of  its  phenomena  as  unalterable  truths.  For  instance,  if  the  planet  we  inhabit 
is  deariy  ascertained  now  to  be  a  round  body,  we  conclude  that  it  will  remain  round 
■•  long  18  it  lasts.  If  it  is  as  clearly  seen  to  rotate,  we  conclude,  in  like  manner,  that 
it  wifl  always  rotate ;  its  rotation  ceases  then  to  be  an  hypothesis— it  becomes  an 
obaarved  foct,  the  eridenoe  for  the  truth  of  which  is  not  increased  by  the  confirmations 
of  future  experienoe,  nor  by  its  satisfactorily  accounting  for  whatever  phenomena  may 
be  leferred  to  suoh  rotation.  It  is  a  matter  of  some  importance,  therefore,  that  the 
rotation  of  the  earth  is  taken  out  of  the  category  of  hypotheses,  and  classed  among 
obaerrsd  physical  truths,  as  we  now  proceed  to  show. 

Faueault's  Pendvlnin  Ezpeximent. — Let  the  reader  conceive  before  him  a 
dieiihur  table  upcm  which,  passing  through  its  centre,  the  meridian  line  is  drawn.  If 
tiM  eaiih  have  no  rotation  about  an  axis,  this  line  can  never  change  its  direction ;  if  it 
do  rotate,  the  direction  must  continually  vary,  except  the  place  of  observation  be  at 
the  equator:  this  will  readily  appear  from  the  following  considerations. 

I«t  our  horiaontal  meridian  line  be  indefinitely  extended ;  we  shall  thus  hare  an 
indefinite  8trai£^t  line,  in  the  plane  of  the  terrestrial  meridian,  and  touching  the 
snrfaoe  of  the  earthy  the  point  of  eontaot  being  the  centre  of  the  table ;— we  may,  of 
omam,  regard  the  tidde-top  as  lying  horiaontally  on  the  ground. 

For  any  place  of  observation  between  the  equator  and  the  pole,  it  is  obvious  tfaati 
if  the  earth  torn  round  its  axis»  this  tangent  line  will,  in  one  complete  rotation, 
dtioribe  a  cooieal  surface  enveloping  tho  globe ;  and,  aa  the  vertex  of  the  cone  is 
aeocmrily  at  a  finite  distance,  the  line  which  generates  its  surface— thus  always 
pointiiig  to  a  fixed  determinate  point  (the  vortex) — ^must  continually  change  its 
direction,  which,  however,  it  cannot  do  if  the  earth  be  at  resL 

But  if  tike  piece  of  ehaervation  be  at  the  equator,  what,  in  the  case  just  considered, 

.*Mhpkm\  MteVBomyf  ia  the  Eneyelopgdia  MetrapolitwBs,  ^  fiKr  J.  F.  V.  Hmek«l,  p.  648: 
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is  a  conical  surface,  would  evidently  be  a  cylindrical  surface ;  the  straight  line  gene- 
rating it  would  thus  always  bo  parallel  to  itself,  and,  therefore,  though  the  earth  should 
really  rotate,  there  would  be  no  more  change  of  direction  in  the  meridian  line  than  if 
it  were  at  rest. 

If,  however,  the  centre  of  the  table  were  directly  over  the  pole,  then,  taking  any 
diameter  of  the  table  for  a  meridian  line,  the  changes  in  its  direction — ^if  the  earth 
rotate — ^would  clearly  be  more  rapid  and  more  considerable ;  it  would  pass  through  a 
revolution  of  360°  for  every  complete  rotation,  and  the  surface  described  by  the  line 
would  be  a  plane  sur&ce. 

It  is  thus  easy  to  see  what  must  necessarily  happen,  as  to  the  direction  of  the  hori- 
zontal meridian,  if  the  earth  has  any  rotation  about  its  axis.  At  the  equator,  the 
direction  would  remain  undisturbed,  and  the  line  would  generate  a  cylindrical  surface; 
at  a  small  distance  from  the  equator,  the  cylinder  would  become  a  cone,  and  the 
direction  of  the  line  would  regularly,  but  only  slightly,  change.  At  a  greater  distance 
£rom  the  equator  the  cone  would  differ  more  palpably  from  the  cylinder,  and  the 
angular  deviation  of  the  line — ^always  directed  to  the  vertex  of  the  cone — ^would  be 
more  considerable.  As  the  place  of  observation  approaches  the'pole,  thQ  cone  would,  as 
it  were,  widen  out  more  and  more,  the  deviation  of  the  line  would  become  greater  aqd 
greater,  in  a  given  time,  till  at  length  when  the  pole  is  reached,  the  cone  would  spread 
into  a  plane,  and  the  change  of  direction  would  be  the  greatest  possible. 

The  reader  will  find  it  of  much  assistance,  towards  clearly  apprehending  what  is  to 
follow,  if  he  keep  constantly  before  his  mind  this  idea  of  the  enveloping  cones.  Every 
parallel  of  latitude  is  to  be  regarded  as  the  circle  of  contact  of  a  cone,  the  apex  of 
which  becomes  less  and  less  remote  as  the  parallel  approaches  the  pole ;  we  shall  call 
the  cone  adapted  to  any  particular  parallel  the  cone  of  latitude  of  that  parallel,  a 
designation  which  is  sufficiently  significant.  The  extreme  cases  of  the  cone  of  latitude 
are  the  cylinder  and  the  plane — ^the  former  belongs  to  the  equator,  the  latter  to  the 
pole ;  the  angle  of  the  former  is  0,  that  of  the  latter  180°.  The  straight  line  from  a 
point  of  contact  to  the  vertex  of  Uie  cone,  is  the  horizontal  meridian  of  that  point  of 
contact.  The  imaginary  cone,  of  course,  rotates  with  the  earth,  if  the  latter  rotates, 
but  not  else ;  and  the  axis  of  the  earth  is,  when  prolonged,  also  the  axis  of  the  cone, — 
all  this  is  obvious. 

Let  now  P  be  the  centre  of  the  circular  top  of  the  table,  PF  half  its  meridional 

diameter,  NS  the  axis  of  the  earth,  prolonged 
to  meet  the  vertex  of  the  cone  of  latitude  in 
N.  The  angle  N  wiU  be  equal  to  the  latitude 
of  the  point  of  contact  P ;  because,  if  a  line 
PC  be  drawn  from  P  to  the  centre  of  the 
^  earth,  the  angle  PON  will  evidently  be  the 

^  complement  of  the  latitude;  consequently, 

since  NPG  is  a  right  angle,  the  angle  N  is  the  latitude. 

Over  the  point  P,  let  now  the  bob  of  a  pendulum  fireely  hang— the  longer  the 
wire  or  cord  by  which  it  is  suspended  the  better—but  it  must  be  so  attached  to  the 
support  above  as  to  be  equally  free  to  vibrate  in  any  direction.  Let  the  pendulum  be 
made  to  vibrate  in  the  direction  of  the  meridian  line  NF ;  and,  if  the  earth  rotactet, 
let  us  try  to  anticipate  the  phenomena  that  will  be  presented  to  us. 

The  point  P  immediately  under  the  bob,  when  at  rest,  must  rotate  slotoer  than  the 
points  in  the  meridian  line  more  remote  firom  the  apex  of  the  cone ;  so  that,  as  the 
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bob  sweeps  oyer  these  points,  they  must  keep  proceeding  in  advance  of  it,  that  is, 
towards  [the  east,  if  P  be  in  north  latitude,  as  here  supposed.  The  rate  of  iptation 
of  the  bob  round  the  cone  must  be  the  same  whether  it  osciUate  or  not ;  because  the 
fkct  of  its  oscillating  cannot  interfere  with  any  motion  of  revolution  round  the  cone  it 
may  have  had  when  hanging  freely.  We  see,  therefore,  that  the  path  of  the  pendulum, 
that  is,  its  line  of  vibration,  must  appear  to  bo  gradually  receding  from  the  meridian 
line  PP  towards  the  we$ty  making  with  PF  an  angle  of  deviation,  which  increases  at 
every  oscillation. 

Aotnal  experiment  fully  justifies  those  anticipations :— the  deviation  of  the  track  of 
the  bob  is  teen  to  be  in  complete  accordance  with  them ;  and  although,  in  the  follow- 
ing mathematical  investigation  of  the  exact  amount  of  deviation  in  a  given  latitude 
and  in  a  given  time,  allowance  must  be  made  for  mechanical  imperfections,  and  for  the 
accidental  impulse  to  the  right  or  left  communicated  to  the  bob  by  the  hand  in  giving 
the  initial  impulse,  and  which  wiU  give  rise  to  what  is  called  an  apsidal  motion,  yet, 
with  only  very  ordinary  care,  the  natural  tendency  of  the  pendulum  sufficiently  over- 
rules these  hindrances  to  render  tho  deviation  of  its  path  towards  the  west  always 
palpable,  and  always  accumulative.*  The  rotation  of  the  earth  from  west  to  east  is  the 
only  way  of  accounting  for  this  apparent  deviation  of  tho  path  of  the  bob ;  what  we 
really  «m  is  the  motion  of  the  line  PF,  receding  from  the  track  of  the  bob  with  an 
angular  movement  about  the  centre  P,  towards  the  east.  If  the  pendulum  can  be  kept 
swinging  sufficiently  long,  it  is  plain  that,  as  the  ang^ular  deviation  is  always  accumu- 
lative, a  time  will  come  when  it  shall  have  described  a  complete  revolution,  or  360^ ; 
or,  to  speak  more  accurately,  when  the  radius  PF  of  the  table  shall  have  revolved 
completely  round.    Let  us  seek  to  determine  this  time. 

Time  In  which  the  Meridian  Line  completes  a  BeTolution.— As  the 

abedate  direction  of  the  oscillations  remains  invariable,  it  follows  that,  when  the  cone 
of  latitude  has  turned  through  any  angle,  the  original  horizontal  line  must  have  turned 
throni^  an  equal  angle ;  so  that,  when  the  cone  has  made  a  complete  revolution,  the 
deviation  of  the  path  of  the  bob,  from  the  horizontal  line,  amounts  to  an  angle  equal 
to  t)ie  plane  angle  given  by  developing  the  conical  angle.f  This,  it  is  obvious,  can 
never  amount  to  so  much  as  360%  or  a  complete  revolution  of  the  table,  except  when 
toe  bob  is  suspended  over  one  of  the  poles  of  the  earth,  the  conic  sui-face  then  becoming 
tk plane,  tangential  to  the  sphere  at  the  pole.  Proceeding  from  this  extreme  limit 
towards  the  equator,  the  angle  of  the  cone  becomes  less  and  less,  till,  on  reaching  the 
equator,  it  vanishes  altogether,  as  before  remarked :  the  cone  then  becomes  a  cylinder, 
and  no  deviation  can  take  place. 

*  In  the  experiment  as  performed  at  the  Boyal  Institution  of  Great  Britain,  the  impulse  iras  not 
given  by  the  hand ;  the  bob  was  drawn  out  of  the  vertical  by  a  silken  thread,  the  end  of  which  was 
&Bte&ed  to  a  peg  in  the  floor :  a  flame  was  then  applied  to  the  thread,  and  the  ball  set  free.  The 
author  of  this  treatise  flrst  witnessed  the  experiment  at  the  house  of  a  scientific  friend,  W.  H. 
SpUler,  Esq.,  of  Highgate ;  in  the  difTerent  repetitions  of  it,  the  suspending  wire,  nearly  twenty  feet 
in  lokgth,  was  of  different  metal,  and  the  hand  was  employed  to  let  the  bob  go ;  the  deviation  was 
qmte  palpable  in  eight  minntes. 

t  The  proper  distinction  must  of  course  be  observed  by  the  reader  between  the  angle  of  the  cone 
and  the  conical  angle.  The  angle  of  the  cone  is  the  plane  angle  of  the  isosceles  triangle,  which  the 
wetion  of  the  cone  through  its  axis  presents ;  the  conical  angle  is  the  angle  at  the  vertex,  formed  by 
the  surfkoe  of  the  cone :  if  this  surface  be  cut  along  the  straight  line  which  may  be  conceived  to 
generate  it,  and  then  the  tnrfRce  developed  or  unfolded  into  a  plane,  the  conical  angle  will  become 
an  eqnivatont  plane  angle. 
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It  thus  appeoxd  that  th«  angle  of  derlatioa  in  any  time»  at  any  plaea,  ii  a  plane 
angU  exactly  equal  tp  the  development  of  the  oorrefiponding  conical  ang^e,  tuzned 
through  ijR.  that  tuna  by  the  rotation  of  the  eone  of  latitude.  It  remaina  to  be  aacer- 
tained  what  part  tbia  angle  of  deviation  is  of  a  complete  revolution,  or  dM'*.  In  other 
wonla,  we  have  to  aaccrtain  what  part  of  360'  the  developed  angle  at  the  apaz  of  the 
cona  of  latitude  amounta  to. 

Conceive  an  upright  cone,  unconneoted  with  the  g^be,  and  from,  ita  apex  lei  aay 
two  straight  lines  be  drawn  along  the  slant  side,  intercepting  an  arc  of  the  baae ;  tbia 
arc  will  measure  a  certain  angle  at  the  oentre  of  tiie  base.  Heaamra  from  tha  apex 
along  either  of  the  two  lines  drawn  ^m  it,  a  length  equal  to  the  radiua  of  the  base, 
and  describe  with  this  length,  as  radiua,  a  circular  arc,  limited  by  the  two  atimight 
lines  on  the  cone :  thia  arc  will  evidently  measure  the  eoaio  angle ;  it  will  therefbce  be 
to  the  coneaponding  arc  of  the  baae,  aa  the  angle  at  the  apex  io  the  eorreapcndboig 
angle  at  the  oentre  of  the  base ;  but  the  developed  arcs  are  also  to  one  another  aa 
their  diatanoea  from  the  apex :  for  these  distances  are  their  radii.  Henoe  the  oonic 
angle  ia  to  the^correqwnding  plane  angle-— or  angle  of  deviation  on  the  horiaontal 
plane-^-as  the  radius  of  the  base  of  the  cone  to  the  length  of  the  slant  side;  that  is,  as 
the  aina  of  half  the  plane  angle  of  the  cone  to  unity.  Consequently,  the  whole  conic 
angle  is  to  390°  aa  the  sine  of  half  the  pUne  angle  of  the  oone-«-4hat  is,  as  the  sine  of 
the  latitude  is  to  unity.  Hence,  from  what  is  shown  above,  the  angle  of  deviation  (s) 
of  tiie  path  of  the  boh,  in  one  entire  revolution  of  the  earth,  is  to  360*"  aathe  sine  of  tiM 
latitude  is  to  unity.  The  titne  of  this  revolution  ia  24  hours;  consequently,  24  hoora 
divided  by  the  sane  of  the  latitude  is  the  time  in  which  the  path  of  the  pendulum 
makes  a  complete  revolution  in  that  latitude.  Thus,  aawuming  the  deviation  to  be  360°, 
we  have 

360*^ 

360  =  rr  sin  lat.,  /.  a?  =  -. — z — ,  in  degrees. 
'  ain  lat.  ^ 

24  hours   ,    ^. 
/.  X  =3 — -. — r— - ,  in  time. 
am  lat. 

And  al  the  more  earefrdly  conducted  experim^ts  justify  this  result,  within  those 
limits  of  difference  that  may  reasonably  be  attributed  to  the  disturbing  causes  adverted 
to  above. 

We  have  further  obtained,  from  a  few  simple  CGnsiderations,  the  fbUowing  interest- 
ing prop08iti<m,  namely :— - 

The  length  of  the  are  of  the  rim  of  the  table,  subtending  tiie  angle  of  deviation  at 
its  centre,  which  a  pendulum  oscillating  over  it  makes  during  one  rotation  of  the  earth, 
is  exactly  equal  to  the  difference  between  the  parallel  of  latitude  described  by  <:hat 
centre,  and  the  paraUel  deaeribed  by  the  extremity  F  of  the  meridional  diameter  of  the 
table. 

Draw  P(?,  V'e'  perpendiculars  upon  the  axis  of  the  earth  (last  diagram]  and  PD 
paraUel  to  the  axis  KS.  It  has  been  proved  above  that  the  ajsgle  of  deviation  ia  ooe 
revolution  of  the  earth  is 

aeo^  ain  N  =  seo**^^  =  360°  yp 

This  angle,  multiplied  by  the  radius  PF  of  the  table,  and  by  3*1416,^  and  the  pro- 
duct divided  by  180°,  is  the  arc  of  the  rim  of  the  table  subtending  it;  that  ia,  the 
measure  of  this  arc  is  2FD  X  3' 1416.    But  twice  FD  is  the  difforenoe  batwen  the 
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diaonelen  of  the  two  pTillela  dworibod  bj  P  mad  V,  Henoe  the  aro  tibat  meatiirei 
iht  taglo  ef  deviatioii  in  one  royoliitiQii  of  the  esrth  if  equal  to  the  difisrenoe  between 
the  two  «iiieainferaioes  described  bj  P  and  F.  And  the  arc  of  dsriatlony  due  to  any 
portion  of  a  complete  rerolutian  of  the  earth,  ia  eqnal  to  the  diflBsrenee  between  the 
two  portkna  of  paxaUeb  daaoribed  bj  P  and  P. 

The  aame  oooeliiaiaB  may  be  obtained  bj  aid  of  oonaideratioBfl  still  more  ainqple. 
It  ia  plain  that  the  difforenoe  between  the  eimimfereneea  of  any  two  equidistant 
eindaa  on  tiie  aurlboa  of  a  eone  is  always  the  same ;  henec,  if  a  drole  be  described 
ahoBit  the  apex,  with  a  radios  equal  to  PF,  the  oiroumferenoe  of  it  will  be  equal  to  the 
between  the  two  etroumfetenosa  dsscrihed  by  P  and  F.  But  this  same 
e,  when  the  ooae  is  deyelGped,  is  the  aro  of  deviation,  osi  the  table,  due  to 
a  eootplite  rerolnCion  of  the  earth :  hence,  this  an  must  be  equal  to  the  difference 
between  the  two  paraUds  dsacribed  by  P  and  F  in  a  oomplete  revolution. 

It  thus  appears,  not  only  that  the  pendulum  experiment  affords  ocular  demon- 
stration of  the  rotation  of  the  earth,  but  that  it  moreover  exhibits  to  us  the  actual 
velo^ty,  in  linear  measure,  with  which  the  point  F  xnroeeeds  in  advance  of  P.  It  is 
tile  Telocity  with  which  the  arc  of  deviation  increases. 

If  the  length  of  this  arc,  described  in  any  interval  of  time^  be  measured,  we  may 
readily  deduce  the  are  that  would  be  described  hi  a  complete  revohition  of  the  earth. 
TUStat  length  of  this  arc  be  taken  for  the  elrcnrnfercnee  of  an  entiie  circle,  the  diameter 
of  that  (nrde  may  he  inferred ;  this  diameter,  applied  as  a  chord  to  the  circle  of 
deviation,  will  subtend  an  arc  of  it,  the  degrees  and  minutes  of  which  will  be  double 
&e  latitade  of  die  place.  And  thus  we  may  eonceive  it  possible  that  a  person,  con- 
veyed  to  a  dmoigeon  in  some  unknown  part  of  the  wond^  with  a  piece  of  string  and  a 
weig^  at  hand,  might  fbim  an  estimate  of  the  latitude  of  his  position. 


Jkpyliottliam  to  «n  IhiaoEylaAaoA  Wk0nmmmmom  In  FUllas 

The  idea  of  theeone  of  latitude  will  subssrve  the  parpose  of  aeoonnting  I6r  a  eircum- 
staaee  in  the  late  IL  Oersted's  experiments  on  fidling  bodies,  hitherto,  we  believe, 
involtod  in  seaoe  ohsemity.  The  following  quotation  is  from  the  LUmmry  OmetU  of 
Ifssdi  22, 1^51  •.— ^.One  of  the  aM«t  important  observations  first  made  by  Oersted,  and 
anoe  then  oonflrmed  by  others,  was,  Hiat  a  body  falling  ftoaa  a  hei^it,  not  only  foil  a 
little  to  the  east  «f  the  true  parpendienlar^whioh  is,  no  doubt,  doe  to  the  earth's 
motion— hot  ^t  it  lell  to  the  mmtk  of  that  line :  the  eanss  of  this  is  at  present 
naasplaiDed.  It  is  no  doubt  eonnectsd  with  some  great  phenomenon  of  gravitation 
whisli  yoixemains  to  be  diseovered." 

The  e^lanatidn  of  this  phenomenon  if  very  easy.  6«pp«ae  a  heavy  hody  to  be  let 
fdl  ftom  a  point  at  a  eoasidearahle  height  wtiealiy  over  P :  when  it  is  let  go,  the 
body  will  have  a  pcogveasivo  velocity  towards  the  east  gr$aitr  tiian  tiie  velocity  of  P 
al  tito  Ibot  of  the  vartieal ;  and  this  veloeity  it  will  preserve  throughout  ite  dsseent, 
which,  from  the  nature  of  gravity,  must  be  in  a  yertical  plane  through  PG,  C  being 
the  eestro  of  tha  earth.  Bow  the  point  P,  at  the  foot  of  the  vertical  line,  rMsaCsi  from 
tills  phme,  tsrwaids  the  north,  during  the  deseeartof  the  body :  it  always  keeps  in,  the 
plsBo  through  Pj^  and  perpendicolar  to  Ae  axis  of  the  earth,  and  describes  a  eirrte 
wboseradiMissFoa  theeoneof  k^nde.  The  body,  therefore;  most  neoeoHkrily  fall 
lewasds  tiia  sewM  of  P,  as  well  as  towards  the  east  If  the  experiawnthe  made  in 
sooth  latitude^  the  deviation  will,  of  course,  be  not^  instead  of  sooCh. 

It  is  plain  that  in  Oetsted^s  expeiiassnt  ^e  falliag  body,  by  the  rotation  of  the 
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eartb,  and,  therefore,  by  its  own  more  rapid  easterly  quotion,  had  adyanoed  more 
towards  the  east,  when  it  reached  the  groimd,  than  die  point  P  at  the  foot  of  the 
Tertical,  but  it  had  not  advanced  at  all  towards  the  south ;  it  was  the  foot  of  the 
Tertical-^he  point  P— that  had  receded  towards  the  wfrth. 

These  experiments  prorc  in  the  most  satisfiEUjtory  manner  that  the  earth  really 
rotates  on  its  axis :  we  are  made  sensible  of  this  rotation  in  other  ways  also.  "  It  is 
well  known  to  engineers  that  when  railway  carriages  are  going  north  their  tendency 
is  to  run  off  the  rails  on  the  cast  side ;  but  when  the  train  is  going  south,  their  ten- 
dency is  to  run  off  on  the  west  side  of  the  track ;  that  is,  always  on  the  rig^t  hand."* 
In  the  former  case,  the  train,  at  starting,  is  moving  eastward  with  a  velocity  greater 
than  that  witii  which  any  more  northerly  point  of  the  track  moves ;  and  in  the  latter 
case,  it  is  moving  more  slowly  towards  the  east  than  any  more  southerly  point  of  the 
track,  and  hence  the  uniform  tendency  to  escape  the  confinement  of  the  raUa  towards 
the  right. 

Szplanation  of  Temui  In  Xautical  Astxonomy.— What  are  called  the 
heavenly  bodies  appear  to  an  observer  on  the  earth  to  occupy  a  surrounding  spherical 
concavity,  at  the  centre  of  which  our  planet  is  placed :  the  phenomena  of  their  rising 
and  setting  are  appearances  which  necessarily  present  themselves  inconsequence  of  the 
rotation  of  the  earth  about  its  axis.  This  apparent  concavity  is  called  the  celestial 
sphere,  and  the  imagination  traces  upon  it  a  variety  of  circles  analogous  to  those  con- 
ceived to  bo  traced  on  the  terrestrial  globe. 

To  assume,  however,  that  what  we  call  the  starry  heavens  is  really  a  concave  sphere^ 
whose  centre  coincides  with  that  of  the  earth ;  and,  therefore,  that  all  the  celestial 
bodies  situated  in  it  are  at  equal  distances  from  that  centre,  would  be  to  oppose  what  is 
well  known  to  be  truth ;  but  the  part  of  Astronomy  with  which  we  are  at  present 
concerned  is  occupied  mainly  with  appearances,  not  with  realities ;  or,  we  should 
rather  say,  it  is  chiefly  occupied  with  the  consideration  of  those  astronomical  phenomena 
which  are  independent  of  actual  distances,  and  which  would  equajly  present  themselves 
were  these  distances  other  than  what  they  are,  or  all,  as  they  appear  to  be,  the  same. 

The  learner  will  readily  perceive  how  this  assumption  of  a  surrounding  celestial 
sphere  is  perfectly  consistent  with  correct  deductions  in  certain  departments  of  astro- 
nomy— all  those  departments,  for  instance,  which  regard  only  the  angular  distances  of 
the  stars  from  one  another,  or  from  the  imaginary  circles  before  alluded  to.  The 
angular  distance  of  two  objects— whether  on  the  earUi  or  in  the  heavens — is  the  angle 
formed  at  the  eye  of  the  observer  by  lines  drawn  to  it  from  the  objects  pbserved.  If 
one  or  both  of  these  objects  move  nearer  to  the  eye,  along  the  line  of  vision,  or  recede 
farther  from  it,  it  is  plain  that  the  angular  distance  of  the  two  must  remain  the  same  ;— 
the  objects  cannot  in  this  way  increase  or  diminish  their  angular  separation.  The 
observer  therefore  may,  if  he  please,  consider  the  linear  distances  of  the  two  objects 
fh>m  his  eye  to  be  the  same. 

Nautical  Astronomy  has  a  good  deal  to  do  with  observations  of  this  kind—that  is, 
with  the  measurement  of  angular  distances,  and  but  very  little  with  Hnear  distances.  It 
would  have  nothing  to  do  with  linear  distances  if  the  earth  were  really  a  point,  or  if 
observations  were  all  carried  on  at  the  centre  instead  of  on  the  surface ;  but,  as  it  is, 
the  semidiameter  of  the  earth  is  a  linear  measure  of  which  cognizance  must  be  taken, 
simply  because  appearances— in  reference  to  the  sun  and  moon,  but  not  in  reference  to 
•  Haory's  **  Physical  Geography  of  the  Sea,*'  page  89. 
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the  stars — are  di£EerQnt  at  the  surface  from  what  they  would  bo  at  the  centre.  The 
angular  distanoes  are  not  exactly  the  same  from  the  two  points  of  observation. 

What  is  here  said  of  distances  applies  equally  to  magnitudes.  The  linear  diameters 
of  the  sun  and  moon  are  not  matters  of  concernment  in  Nautical  Astronomy,  only  their 
apparent  diameters,  the  diameters  (taken  in  angular  measure)  they  would  appear  to 
have  to  an  obsenrer  at  the  centre  of  the  earth. 

All  obseprations  made  upon  these  two  bodies,  for  the  purpose  of  determining  the 
latitude  and  longitude  at  sea,  are  reduced  to  what  they  would  bo  if  the  place  of  obsenra- 
tion  were  the  centre  of  the  earth.  As  to  the  stars,  it  is  found  that  obserrations  on  them, 
though  made  at  the  surface,  would  require  no  modification  if  made  at  the  centre — the 
radius  of  the  earth  being  a  mere  point  in  comparison  to  the  immense  distance  of  the 
■tars.    We  shall  now  define  the  principal  circles  of  the  celestial  sphere. 

^gia. — ^The  axis  of  the  heavens  is  the  diameter  of  the  celestial  sphere,  about  which 
the  apparent  diurnal  rotation  of  the  celestial  sphere  takes  place,  and  which,  as  we  have 
seen,  is  due  to  the  real  rotation  of  the  earth.  The  axis  of  the  heavens  is,  therefore, 
only  the  axis  of  the  earth  prolonged ;  and  the  extremities  of  this  axis — of  course  the 
ima^uiafy  extremities— are  the  poles  of  the  heavens. 

Squmoetiai, — The  celestial  great  circle,  to  the  plane  of  which  the  axis  of  the  heavens 
is  peipendicular,  is  called  the  equinoctial^  or  the  celestial  equator.  It  is  traced  out  merely 
by  extending  the  plane  of  the  terrestrial  equator  to  the  heavens. 

Mtridians, — The  celestial  meridians  are  in  like  manner  marked  out  by  extending  the 
planes  of  the  terrestrial  meridians ;  or  they  are  semicircles  terminating  in  the  poles  of 
the  heavens,  and  perpendicular  to  the  equinoctial. 

Zenithy  iVa^tr.— The  zenith  is  that  point  in  the  heavens  which  is  directly  over  the 
head  of  the  spectator ;  or,  if  a  straight  line  be  drawn  from  the  centre  of  the  earth  to 
any  spot  on  its  surface,  and  then  prolonged  to  the  heavens,  the  point  on  the  celestial 
sphere  which  it  would  mark  out  is  the  zenith  of  that  spot.  The  same  line  continued  in 
the  contrary  direction  would  mark  a  point  in  the  celestial  sphere  called  the  nadir.  These 
two  points,  therefore,  in  reference  to  any  place  on  the  earth,  are  at  the  extremities  of 
that  diameter  of  the  celestial  sphere  which  is  perpendicular  to  the  plane  of  the  horizon 
of  that  place :— that  is,  they  are  the  pole$  of  the  horizon. 

Vertical  CVr^^M.— Vertical  circles  of  any  place  are  those  which  pass  through  the 
zenith  and  nadir  of  that  place ;  they  are  all  perpendicular  to  the  horizon  of  the  place. 
They  are  hence  also  called  circles  of  altitude. 

The  aUitude  of  a  celestial  body  is  its  distance  above  the  horizon  measured  on  the 
vertical  circle  passing  through  the  body.  The  complement  of  the  altitude  is  the 
teniih  dittanee.  In  the  case  of  the  sun  and  moon,  the  true  altitude  is  measured  from 
the  rational  horizon,  and  is  a  little  greater  than  the  altitude  measured  from  the  sensible 
horizon.  In  the  case  of  the  stars,  as  observed  at  page  35,  the  difference  in  altitude  is 
insensible,  whichever  horizon  be  referred  to. 

The  most  important  of  all  the  vertical  circles  of  any  place  is  the  meridian.  When 
a  celestial  object  is  on  the  meridian,  its  altitude  is  the  greatest  which  that  object  can 
possibly  have ;  it  is  called  the  meridian-altitude  of  the  object. 

The  vertical  circle  which  cuts  the  meridian  at  right  angles,  and  which  therefore 
passes  through  the  east  and  west  points  of  the  horizon,  is  distinguished  next  to  the 
meridian.  It  is  called  the  prime  vertical.  When  a  celestial  object  arrives  at  the 
prime  vertical,  it  ia  either  due  ea^t  or  due  west. 

AMimttth^—The  azimuth  of  a  celestial  object  is  the  arc  of  the  horizon  comprehended 
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betweenthenieRdijaiof  theobserrer  and  theyerticalcin^  objcet. 

The  arc  of  tlie  liiniaon  here  spoken  of  is,  of  eooxse,  the  measnie  of  the  angle  atthe 
zenhh  between  the  meridian  and  the  yertieal  throng  the  objeet  Yertical  dzdea  are 
sometimei  called  azimuth  circles. 

AwipHtrnd^, — Amplitude  is  also  an  are  of  the  horixon.  It  is  the  are  eoniprised 
between  the  east  point  of  the  horizon  and  the  point  where  the  body  rises,  or  between 
the  wei4  point  and  where  it  sets ;  the  ftcmer  are  ia  called  the  rising  amplitude  of  the 
body,  and  tha  latter  its  setting  amplitude.  Azimuth  is  measured  eitlier  fiom  the  nofth 
or  south  points  of  the  horizon ;  amplitude  either  from  the  east  or  west.  Whan  we 
speak  of  the  azimuth  of  a  body,  we  refer  merdy  to  the  azimuth  of  ths  Tertacal  on 
which  the  body  is,  whatever  its  altitude  on  that  Tertical  may  be ;  what  we  speak  of 
its  amplitude,  we  reftr  ezoihisiTely  to  its  poeitioa  with  respect  to  the  east  or  west  point 
of  the  horizon  at  rising  or  setting. 

Iktiimmticm. — ^The  dedinaHon  of  aesilestial  object  is  its  distanfr  from  tiieequiBOctial, 
mcamred  on  the  celestial  meridian  passing  throng  it,  and  is  either  notth  or  sooth. 
What  is  latitude  as  respects  a  point  on  the  eartii,  is  dedinatkm  in  reference  to  a  point 
in  the  heayens.  Celestial  meridians  are  thus  sometimes  caOcd  cirdes  of  dediaatiflB, 
aad  what  are  parallels  of  latitude  on  the  earth  become  paraikh  of  dedinatioB.  on  the 
c^eatial  sphere. 

The  distance  of  an  objeet  from  the  derated  pole  is  the  pdar  distanoe  of  it.  It  is 
the  eomplement  of  the  dedinatioB  when  tiie  derated  pde  and  the  olject  are  both  on 
tiie  same  aide  of  tiie  equinoctial ;  but  when  they  are  on  contrary  sidea  the  polar 
distance  is  the  declination  plus  90'.  The  eleration  of  the  pole  nbore  tiie  rational 
horizon  of  any  place  is  always  equal  to  the  ktitade  of  that  place,  fer  the  ktitudp  is 
tqpad  to  the  distance  of  the  zenith  of  the  place  from  the  equinoctial^  ^m  distamy 
betutem  the  zenith  and  tiie  derated  poJe  is,  thaefcie,  tibn  eennplewpnl  of  the  httitiide^ 
and  it  is  equally  tiie  c<>mplemflnl  of  tibe  denration  of  the  pole  aboire  the  rational  horizon : 
thiadeYa(tifln,therefere,iBcqadtotibelatitttdeef  theplace.  Cenwquf ntly  tibe  depres- 
akin  of  the  equator  below  the  horizon,  or  JtsdevatMHaaboretheharinan,  jntheofpoaite 
qoarlor,  ia  the  eompleBMni  of  the  ktitode,  or,  whidi  is  the  aMse  tilings  the  ^^^J*-^*^  is 
the  measure  of  the  angle  which  tise  harimm  makae  with  the  equator. 

Tha  celmtiil  cades  now  defined  hwee^ecidrafcrenee  Id  the  earth.  Thamoidian 
and  Ae  eqamsf tial  are  mmtj  eitfttona  to  tim  henTcna  of  ceMespaniiBag  cirdei  en 
the  earth ;  and  the  vertical  circles  or  perpcndicnhas  to  tibe  horizon  are  iasagiBed  ir 
the  pnrpoaa  of  racordiB^  ■hitiidia  abeifu  the  horiaon,  me—Mcd  on  thn  eaaA.  But 
tibare  aia  aoaaa  cndes  peenBar  to  the  edestial  sphere ;  the  princ^al  of  tibeae  are  the 
«digp<Mvorthacitdaofcdt«tiBikngitode  and  the  perpendieulaia  to  it^tha  cndea  of 


Tk$  Aiyirte. — ^Ihe  e^Cie  m  tiie  great  cirda  dssmbiid.  on  tfw  edastial  sphere  by 
the  sun  in  its  apparent  annual  motion  about  the  cardi :  ia  leaiitT.  it  m  tike  pa&  of  the 
caithahont  the  son  ia  the  eontrarr  direction;  but.  as  already  iCBsazked,  we  are  in 
this  saifeci  only  coneeined  widi  tire  appeaxaneeoL  The  edipdr  croawathaeqainuctnl 
at  an  ai^^  subject  to  cQzxtJJtniws  bat  TOST  aamBTarialionydGtsiariiiabk  by  o>in^^ 
It  is  dways  giren  wi&  the  ntanost  attainaNft  aeeuraey  in  ^  ^Xaolkal  Abaanac.*^ 
The  abKqidty  at  preseat  i»  abont  29*  2r }. 

The  twa  poinfes  whoa  the  ediptie  eroeses  the  eqoinoctial  are  called  the  eqainoctid 
poiintsw  The  son  in  its  apparent  annual  course  passea  through  theea  points  ahaut  the 
llsftofMaiahaadti^  93d  of  September:  thafener  being  tiba  time  of  theTemal 
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equinox  and  the  latter  of  the  autmimtl  equinox  :  those  names  being  given  becaxise  the 
night  ia  then  equal  to  the  day  at  all  places  whcro  the  sun  rises  and  sots.  This  is 
obviottSy  bccanae  any  point  in  the  equinoctial,  by  the  diurnal  rotation  of  the  carth-H>r 
the  apparent  rotation  of  the  heavcna— is  just  as  long  below  the  horixon  of  any  plaoe  as 
it  is  aboTe  it. 

CUittiMl  Zon§f{tuit,'-'The  drclo  on  which  tho  lungitude  of  any  hearonly  body  is 
measured  is  the  ecliptic,  not  the  equinoctial ;  and  as  terrestrial  longitude  is  measured 
from  a  fixed  point  of  the  equator,  the  point  (with  us)  where  the  meridian  of  Qreenwioh 
croasea  it,  ao  celestial  longitude  is  measured  from  a  fixed  point  in  the  ecliptic,  namely, 
the  vernal  equinoctial  point,  which  is  called  the  first  point  uf  tho  constellation  Aries. 

Aa  respects  terrestrial  longitude  the  fixed  point  from  which  the  reckoning  oom- 
meacea  is  only  fixed  for  particular  nations,  each  kingdom  choosing  its  own :  this  is 
some  ineonTenience.  But,  as  respects  celestial  longitude,  there  is  perfect  uniformity 
of  reckoning  among  astronomers;  and  this  reckoning — uplike  that  for  terrestrial 
longitude — is  carried  on  in  one  direction  round  tho  celestial  sphere ;  so  that  a  body 
may  hare  any  longitude  short  of  dGO"". 

The  ediptio  is  conceived  to  be  divided  into  twelvo  equal  parts,  called  tipit ;  a  sign 
is  therefore  an  arc  of  30^    The  twelve  signs  havo  tho  namea  and  symbols  foUowing  :— 

1.  T  Aries  (The  Sam).  7.  ^  Libra  (The  Balance). 

H.  a  Taums  (The  Bull).  |  8.  m  Scorpio  (The  Scorpion). 

3.  n  Gemini  (The  Twins).  9.  /  Sagittarius  (The  Archer). 

4.  ®  Cancer  (The  Crab).  10.  'k?  Capricomus  (The  Goat). 

6.  Q  Leo  (The  Lion).  11.  ;k:  Aquarius  (Tho  Water-bearer). 

6.  ^  Virgo  (The  Virgin).  |         12.  H  Pisces  (The  Fishes). 

The  first  six  of  these  signs  are  to  the  north  of  the  equinoctial,  and  the  others  to  the 
ioatk :  they  are  also  called  Signs  of  the  ZodUc-^^be  name  given  to  a  belt  of  the 
heavens  8°  on  each  side  of  the  ecliptic. 

CUutml  Zaiitudi.'^AM  the  ediptio  is  the  circle  of  longitude,  the  perpendiculars  to 
it,  that  ia  the  great  cirelee  through  the  poles  of  the  ediptio,  are  the  cirdee  of  latitude. 
The  disteiice  of  a  odestial  object  firom  the  ediptio,  measured  on  one  of  these  perpendi- 
cnlm^  ii  iti  latitude ;  it  is  north  or  south,  according  as  the  object  is  on  the  nmrth  or 
south,  aide  of  the  ediptie. 

Mi^kt  Atmntkm  The  right  ascension  of  a  cdestial  object  ia  the  arc  of  the  equi- 
noetial  intsroq^ted  between  the  fint  point  of  Ariei  and  the  dedinatioai  drde  or 
meridian  pamng  through  the  object. 

Tho  leemsr  will  perceive  that  the  first  point  of  Aries  ia  the  starting-point  from 
which  both  loiigitade  and  right  ascendon  are  measured ;  and  that,  what  on  the  terrestrial 
^Lobe  wonld  be  longitude  and  latitude,  on  the  celestid  globe  are  rig^  ascension  and 
dedinttion — die  first  pdnt  of  Aries  being  substituted  for  the  meridian  of  Greenwich. 

Gz«at  drdMy  all  of  which  pasa  through  the  pdes  of  any  of  the  more  important 
great  cirdes  of  the  sphere,  are  frequently  called  secondaries  to  the  latter.  This  is  a 
very  eonvenient  term :  thus,  vertical  circles  are  secondaries  to  the  horizon ;  meridians, 
or  dtp^^***»«»  cirel88,'axe  secondaries  to  the  equinootid ;  and  circles  of  cdestid  latitude 
are  Mcondaries  to  the  ecliptic. 

Oa  Tima-'^'nie  most  important  portion  of  time,  in  matters  connected  with 
nautical  astronomy,  is  the  day  and  its  subdivisions.    There  are  severd  kind*  of  day 
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referred  to  in  astronomy ;  but  the  period  occupied  by  a  single  rotation  of  the  earth 
comprises^  in  each  case,  nearly  the  whole  of  the  time  so  designated.  If  the  hearenly 
bodies  were  all  fixed,  and  the  earth  had  no  progressive  motion,  but  only  its  present 
diurnal  rotation  on  its  axis,  all  days  would  be  alike  as  to  length,  since  the  dinmal 
rotation  is  always  performed  in  the  same  time ;  the  interval  between  the  departure 
from,  and  the  return  to,  the  meridian,  of  any  heavenly  body  would  then  be  invariably 
the  same.  But  as  the  earth  is  continually  shifting  its  place  in  its  orbit,  and  that  by 
an  amount  which  is  not  uniform,  the  interval  between  two  successive  passages  of  the 
sun  over  the  meridian  of  any  place  is  variable.  This  interval  is  called  an  apparent 
solar  day. 

Apparent  Time. — ^When  the  sun  is  on  the  meridian  of  any  place  it  is  apparent 
noon  at  that  place  ;  when  it  is  in  any  other  position,  the  angle  between  the  meridian 
of  the  place  and  that  on  which  the  sun  is,  is  called  the  hour  angle  from  noon  at  that 
place  and  instant ;  this  angle,  converted  into  time,  at  the  rate  of  15''  to  an  hour,  is  the 
apparent  time  at  the  place. 

Mean  Time. — ^As,  on  account  of  the  inequality  of  the  earth's  motion  in  its  orbit, 
the  solar  day  is  continually  varying  in  length,  a  day  that  is  the  average,  or  mean,  of 
these  variable  days  is  fixed  upon  for  civil  reckoning ;  and  it  is  the  length  of  Buoh  a 
mean  day  that  is  marked  out  by  the  twenty-four  hours  of  a  common  dock  or  watch. 
This  length  of  time  is  called  a  mean  solar  day ;  and  any  time  shown  by  a  correct  clock  or 
watch  is  mean  solar  time,  or  simply  mean  time.  At  certain  periods  of  the  year  the  son 
wiU  thus  arrive  at  the  meridian,' before  the  clock  points  to  XII.,  and  at  other  periods 
the  clock  will  be  in  advance  of  the  sun ;  the  interval  between  the  arrival  of  the  index 
of  the  clock  to  XII.,  and  of  the  sun  to  the  meridian,  is  called  the  equation  of  time.  It 
is  given  for  every  day  in  the  year,  at  page  I.  of  the  "  Nautical  Almanac,"  for  the 
meridian  of  Greenwich ;  that  is  to  say,  when  it  is  apparent  noon  at  Greenwich,  on  any 
day  of  the  year,  the  almanac  shows  the  time  to  be  added  or  subtracted  to  obtain  the 
corresponding  mean  time  at  that  meridian. 

Sidereal  Time,— A.  sidereal  day  is  the  time  occupied  by  one  complete  rotation  of 
the  earth  on  its  a2ds.  This  interval  is  ascertained  by  observing  the  time  elapsed 
between  two  successive  passages  of  the  same  fixed  star  over  the  meridian.  Suoh  is  the 
immense  distance  of  the  stars  that  the  earth's  change  of  place  from  day  to  day  prodnoes 
not  the  slightest  effect  upon  their  apparent  positions,  which  are  preserved  the  same  as 
if  the  earth  were  at  rest.  Whatever  star  be  observed,  and  whatever  be  the  plaoe  of 
the  earth  in  its  orbit,  it  is  uniformly  found  that  the  interval  of  two  successiTe  paauges 
of  the  star  over  the  meridian  is  invariable — ^namely,  23h.  56'  4*09"  of  m«m  time> 

Besides  the  three  kinds  of  day  here  described,  there  is  also  the  lunar  day,  which 
is  the  interval  between  two  successive  passages  or  transits  of  the  moon  over  the 
meridian ;  the  average  length  of  it  is  24h.  54m.  But  navigators  have  nothing  to  do 
with  lunar  time ;  what  they  are  most  concerned  with  are  apparent  time  and  mean 
time— the  time  that  would  be  shown  by  a  properly-constructed  sim-dial,  aind  the  time 

*  The  vholc  starry  heavens  haTe,  however,  a  slow  apparent  movement,  arising  from  a  real 
motion  of  the  earth  distinct  from  its  rotation  on  its  axis.  This  motion  causes  the  axis  to  diwribe  a 
minute  circle  round  the  poles  of  the  ecliptic  in  about  26,000  years ;  the  effect  is  to  cause  the  apparwt 
approach  of  some  stars  towards  the  pole,  and  the  recession  of  others.  Thus  the  pole-star,  •■  it  is 
called,  has,  for  many  centuries,  been  getting  nearer  to  the  pole ;  it  is  now  about  P  34'  firom  it :  the 
star  will  continue  its  approach  till  within  about  30^,  and  will  then  recede.  The  physical  oauae  of  the 
phenomena  will  be  noticed  in  treating  of  the  Precession  and  Nutation,  in  a  subsequent  part  of  the 
present  volume. 
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shown  by  a  well-regulated  chronometer.  The  time  determined  by  obsenrations  at  sea, 
which  is  in  general  deduced  from  the  sun's  hour-angle  with  the  meridian  of  the  place, 
is  of  coarse  apparent  time.  It  is  turned  into  mean  time  by  help  of  the  table  of  the 
equation  of  time  at  page  I.  of  the  *^  Nautical  Almanac  " — ^the  phenomena,  predicted  in 
that  important  publication,  for  the  use  of  seamen  in  finding  the  latitude  and  longitude 
at  sea,  being  recorded  in  mean  time,  just  li^e  the  transactions  of  common  life. 

But  there  is  this  difference  between  the  civil  and  the  astronomical  mode  of  reckon- 
ing :  the  oiyil  day  reckons  from  twelve  o'clock,  at  midnighi^  and  the  whole  twenty-four 
honiB  is  divided  into  two  sets  of  twelve,  the  counting  recommencing  at  twelve  o'clock, 
noon ;  but  astronomers  commence  their  day  at  noon,  and  count  on  through  the  twenty- 
four  hours,  from  0  hours  up  to  24  hours,  when  another  day  begins.  Consequently  the 
common  or  civil  reckoning  is  always  twelve  hours  in  advance  of  the  astronomical 
reckoning,  both  reckonings  being  in  reference  to  mean  time ;  so  that  to  deduce  the  civil 
from  the  astronomical  time  at  any  instant,  we  have  only  to  add  twelve  hours  to  the 
latter.  For  instance,  Jan.  1,  15h.  35m.,  astronomical  time,  is  Jan.  2,  3h.  35m.,  in  the 
morning,  civil  time. ' 

It  ia  indispensably  necessary  that  the  learner  have  clear  conceptions  of  apparent 
and  mean  time :  the  former  is  at  once  ascertained^by  observation  of  the  true  sun's  hour- 
angle  from  the  meridian ;  the  latter  is  not  pointed  out  by  nature,  but  is  arbitrarily 
chosen  for  practical  convenience — its  measure  is  not  ascertained  immediately  from 
observation,  but  computed  from  the  actual  phenomena.  Astronomers  conceive  an 
imaginary  sun,  called  the  mean  sun,  to  move  uniformly  in  the  equinoctial,  and  with 
a  motion  in  right  ascension  exactly  equal  to  the  real  sun's  mean  or  average  motion  in 
right  ascension,  so  that  the  interval  between  two  consecutive  transits  of  the  mean  sun 
is  a  mean  solar  day— the  mean,  that  is,  of  all  the  variable  solar  days  of  the  year  of  the 
true  sun.  It  is  the  motion  of  this  imaginary  sun  that  is  measured  by  a  chrono- 
meter: it  oompletea  every  revolution  in  exactly  twenty-four  common  hours;  the 
twenty-lbar  boon  completed  by  the  real  sun—which  twenty-four  hours  is  a  variable 
intervml— ia  the  iqpparent  solar  day.  The  twenty-four  hours  completed  in  one  revolu- 
tion of  a  atar  ia  a  fixed  and  invariable  period ;  and,  as  already  remarked,  is  about 
3m.  568.y  mean  time,  less  than  a  mean  solar  day.  The  sidereal  day  commences  when 
the  first  point  of  Aries  is  on  the  meridian,  and  continues  till  its  return. 

On  Hhm  Oonwetions  to  be  Applied  to  the  Obeerred  AUitiides  of  Celes- 
tial Objects.— The  true  altitude  of  a  celestial  object  is  tiie  angular  distance  of  it 
above  tlie  horizon  of  the  place  of  observation.  It  is  of  course  measured  (by  a  quadrant 
or  sextant)  in  degrees  and  minutes,  the  altitude  of  the  zenith  being  90". 

The  altitude  is  estimated  not  from  the  visible  but  from  the  sensible  horizon  of  the 
observer,  and  in  the  ease  of  the  sun  or  moon  it  is  measured  up  to  the  centre  of 
the  body.  The  dbterved  altitude  is  the  angular  distance  of  the  visible  horizon  from  the 
lower  or  npper  limb  of  the  body,  so  that  a  correction  has  to  be  made  for  the  dip  or 
depresaion  of  the  horizon,  and  for  the  semidiameter  of  the  body.  If  the  object  be  a 
star,  then  there  is  no  correction  for  semidiameter.  These  corrections  being  made,  the 
rsaolt  is  called  the  t^aparmt  altitude  of  the  body. 

Some  other  corrections  are  necessary  to  obtain  the  true  altitude  from  the  apparent; 
these  we  shall  speak  of  presently. 

IN^  of  tlM  HEoslaoiu — As  the  eye  is  always  elevated  above  the  surface  of  the 
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sea,  the  visible  horizon  dips  below  the  senaible  hoxuon,  and  formB  an  angle  with  it.  It 
is  the  amount  of  this  angle  which  must  bo  subtracted  ftom  the  obfleired  altitude.  Let 
E  be  the  place  of  the  obseryer's  eye,  and  S  the  position  of  the  celestial  object  whose 

altitude  is  to  be  found.  The  visible  hoiricontal 
line  is  EH',  the  true  horixontal  line  SH ;  tha 
altitude  of  S,  as  shown  by  the  instrument,  is 
the  angle  SEH',  instead  of  the  angle  SEH ;  the 
angle  HEH',  by  which  the  latter  ang^  is  in- 
creased, is  the  dip,  which  must  be  tubtraoted 
from  the  observed  altitude  to  give  the  apparent 
altitude  SEH. 

The  angle  HEH'  is  equal  to  the  angle  G,  sinoe 

the   angle  CEB  is   the  complement  of  each. 

The  height,  AE,  of  the  eye  being  known,  as 

also  the  radius  CA  of  the  earth,  £B  becomes 

known  for  EB^  =  ED  X  EA  (Euclid,  Prop.  36, 

Book  III.),  so  that  the  amount  of  the  angle  of 

depression  can  alwtys  be  found  when  the  height  of  the  eye  above  the  surface  ia  giv^k. 

Thus  let  r  be  put  for  the  radius  of  the  earth  and  h  for  the  height  of  the  eye  above 

its  sur&ee ;  then,  as  just  shown, 

EB2  =  (2r  -f  h)h  =  2rA,  very  nearly, 
the  quantity  h^  being  omitted  as  insignificant  in  relation  to  2rA,     Hence,  because  by 

EB 

right-angled  triangles,  sin  C  =:  ™,  and  since  C  being  always  very  small — only  a  few 

minute»— the  arc  may  be  taken  for  its  sine,  we  have 


)/2rh , 


■  ^ (very  nearly)  =  X/- 


which  is  the  length  of  the  tie  (to  radios  1)  that  measures  the  angle  of  the  dip  due  to 
the  height  h.  This  length,  for  different  values  of  A,  is  converted  into  minutes,  and  in 
this  way  the  correction  fiir  dip  is  calculated  for  different  altitudes  of  the  eye,  and  the 
results  arranged  in  a  table. 

S€rmldiaai^ti»r,-^Tha  forefoing  correctioo  for  the  dip  of  the  horizon  having 
been  implied  to  the  altitude  of  the  point  observed,  if  this  point  be  the  uppennost  or 
lowermost  point  of  the  disc  of  the  sun  or  moon,  a  correction  for  the  semidiameter  of 
the  body  must  be  applied  in  order  to  obtain  the  apparent  altitude  of  the  centre.  As 
the  measurements  in  the  present  subject  are  all  angular  moasurementSi  the  correction 
here  adverted  to  is  the  angle  subtended  at  the  eye  by  the  semidiameter  of  the  observed 
body.  This  angle,  both  for  the  sun  and  moon,  is  given  in  the  **  Nautical  Almanac."  In 
the  case  of  the  moon,  the  diameter  is  seen  under  a  greater  angle  as  she  approaches 
towards  the  zenith ;  for  at  the  zenith  she  is  nearer  to  the  observer  than  when  she  is 
in  the  horizon  by  a  semidiameter  of  the  earth ;  and  such  is  the  comparative  nearness 
of  the  moon  that  this  difference  in  her  distance  makes  a  sensible  difference  in  her 
apparent  magnitude.  The  semidiameter  given  ia  the  '^  Nautical  Almanac  "  is  the 
horizontal  semidiameter,  or  that  under  which  she  would  be  seen  when  in  the  horizon ; 
or,  which  is  the  same  thing,  it  is  the  angle  subtended  by  the  semidiameter  at  the 
centre  of  th«  earth.    As  this  semidiametaar  increases  with  bar  altitude,  the  increase 
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being  so  mnch  u  one-sixtieth  part  of  the  whole  when  the  moon  is  in  the  zenith,  fur 
she  is  about  sixty  scmidiameters  of  the  earth  off,  the  amount  of  increase  ior  any 
altitude  is  found  by  multiplying  one-sixtieth  of  the  moon's  linear  semidiamcter  by  the 
sine  of  the  altitude,  and  in  this  way  the  table  entitled  "  Augmentation  of  the  Moon's 
Semidiameter,"  and  given  in  some  collections  of  Nautical  Tables,  is  constructed :  it 
supplies  the  proper  correction,  to  be  applied  additively  to  the  horizontal  semidiamcter, 
to  obtain  the  semidiamcter  at  the  given  altitude.* 

On  Mcount  of  the  great  distance  of  the  sun,  the  variation  of  his  semidiameter,  as 
he  inereases  in  altitude,  is  too  minute  to  give  any  correction:  it  is  practically 
insensible. 

The  corrections  for  dip  and  semidiamcter  bciiig  thus  applied,  the  result  is  the 
apparent  altitude  of  the  centre.  As  to  the  stars,  the  only  correction  of  the  observed 
altitude  of  a  star,  to  reduce  it  to  the  apparent  altitude,  is  the  correction  for  dip.  It 
remains  to  be  shown  how  the  true  altitude  is  obtained  from  the  apparent  altitude :  this 
requires  two  additional  corrections — one  for  refraction,  and  the  other  for  parallax. 

B»famction< — The  atmosphere  which  surrounds  tho  earth  is  of  variablo  density, 
the  lower  parts  beizig  compressed  by  the  weight  of  the  upper.  A  ray  of  light,  there- 
fore^ from  a  oclestial  object  passes  through  a  medium,  which  opposes  some  obstruction 
to  its  fne  passage^  the  density  of  the  medium  increasing  as  the  ray  advances  from  the 
upper  to  the  lower  regions  of  the  atmosphere,  where  it  meets  the  eye  of  the  observer. 
This  disturbance  causes  the  ray  to  be  deflected  or  bent,  the  deflection  being  greater 
as  the  density  of  tho  medium  through  which  it  passes  increases.  Instead,  therefore, 
of  leabhing  the  eye  in  a  direct  line  from  the  object,  it  begins  to  curve  as  soon  as  it 
enten  the  atmosphere,  and  the  cnrvature  increases  as  it  reaches  the  earth :  the  direction 
of  the  object  from  which  it  proceeds— which  direction  is  judged  of  by  the  last  direction 
the  ray  takes,  and  in  which  it  enten  the  eye— thus  appears  to  be  different  from  its 
true  direction :  the  object  always,  exeept  when  in  the  zenith,  seems  kigh&r  than  it 
really  is.  Consequently,  the  oorrslbtion  for  this  refrt^ioHy  as  it  is  called,  of  the  rays 
of  light,  like  that  for  dip,  is  always  »Hbtractiv$*  At  the  horizon  it  is  greatest,  for  the 
rays  become  more  bent  the  more  obliquely  they  enter  a  refracting  medium ;  when 
they  strike  upon  it  perpendicularly  they  are  not  bent  at  alL  These  focts  are  proved 
by  many  optical  experiments. 

The  refraotion  takes  place  entirely  in  the  vertical  plane ;  for  pnntignous  to  this 
plane,  to  the  right  and  left,  tSie  medium  being  the  same,  there  is  nothing  to  divert  it 
firem  its  patii  either  on  one  side  or  the  other.  Refiraction,  therefore,  like  dip,  alfocts 
MHidef  only :  tables  for  the  corresponding  correction  of  the  altitude,  from  the  horizon 
to  the  zenith,  are  given  in  all  nautical  collections  :  these,  however,  are  computed  for 
the  mean  state  of  the  atmosphere ;  and  it  must  occur  to  the  reader  that,  as  this  state  is 
continually  varying  in  certain  latitudes,  it  becomes  necessary  to  modify  the  numbers 
in  the  table,  wiran  the  true  altitude  of  a  celestial  object  is  required  wi^  the  utmost 
accuracy,  by  taking  note  of  the  actual  state  of  tho  atmosphere,  as  indicated  by  the 
thermomet^  and  barometer.  To  the  table  of  mean  refractions  a  table  of  these  cor- 
xeotions  is  generally  annexed.  When  the  latitude  only  of  the  ship  is  required,  the 
correction  of  the  mean  refraction  is  of  comparatively  little  consequence ;  but  in  deter- 
mining the  longitude,  by  lunar  observations,  it  is  deserving  of  attention. 

*  This  oorrectioii,  amounting  only  to  a  few  aecouds,  is  frequently  omitted  in  Nautical  Tables, 
and  tbereforc  often  neglected  at  nen. 
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When  the]  corrections  now  explained  are  applied  to  the  observed  altitude  of  a 
celestial  object,  the  result  is  the  true  altitude]  of  it  aboye  the  sensible  horizon  of 
the  observer,  and  it  now  only  remains  to  reduce  this  to  the  altitude  above  the  raiiMtU 
horizon  of  the  place,  as  if  the  object  were  observed  from  the  centre  of  the  earth  instead 
of  from  the  point  on  its  surface  immediately  above  the  centre.  In  the  case  of  a  star, 
the  altitude  would  be  the  same,  whether  the  observation  be  made  on  the  surfSeuie  or  at 
the  centre — the  change  of  position  being  insensible  in  reference  to  objects  so  remote 
as  the  stars ;  but,  for  the  sun  and  moon,  especially  for  the  latter,  the  angle  subtended 
at  the  body  by  the  radius  of  the  earth,  called  its  parallax  in  altitude,  is  of  sensible 
amount. 

Parallax. — Let  S  represent  the  place  of  the  celestial  body  observed  from  the 

surface  of  the  earth  at^E  ;  the  observed  angle 
S£H,  when  corrected  for  dip,  semidiameter, 
and  refraction,  will  be  the  true  altitude  of  the 
centre  of  S  above  the  sensible  horizon,  EH, 
and  the  angle  SCR  will  be  the  true  altitude  of 
the  centre  above  the  rational  horizon  OR.  It 
is  the  difference  of  these  angles  that  is  called 
the  parallax  in  altitude.  If  the  body  be  in  the 
sensible  horizon,  as  at  H,  then  the  difference 
spoken  of  will  be  the  whole  angle  HGE,:  this 
is  called  the  horizontal  parallax.  Por  any 
other  position  of  the  body  the  parallax  is  less — 
diminishing  as  the  object  approaches  the  zenith, 
and  vanishing  at  that  elevation.  Since  parallax 
in  altitude  =  SE'H  --  SEH  =  ESC,  the 

parallax  is  always  the  angle  subtended  by  the  semidiameter  of  the  earth  at  the  object ; 

and  since  the  true  altitude  above  the  rational  horizon  is 

SCR  =  SE'H  =  SEH  +  ESC, 

the  correction  for  parallax  in  altitude  must  be  applied  additively  to  the  true  altitude 
above  the  sensible  horizon  to  obtain  the  true  altitude  above  the  rational  horizon.  The 
sun's  horizontal  parallax  is  always  about  9'' ;  the  moon's  horizontal  parallax  varies 
considerably,  and  is  given,  together  with  her  semidiameter  for  every  noon  and  mid- 
night, at  page  III.  of  ^e  **  Nautical  Almanac."  And  from  the  horizontal  parallax  being 
known,  the  parallax  in  altitude  is  easily  found  thus.  Referring  to  the  triangle  SEC, 
we  have  the  proportion 

SC  :  EC  : :  sin  SEC  :  sin  ESC  =  ^  Bin  SEC; 

but  sin  SEC  =  sin  SEZ  =  cos  SEH,  and  as  EC,  SG  are  constant,  it  follows  that  the 
sine  of  the  parallax  in  altitude  varies  as  the  cosine  of  the  altitude ;  that  is, 

1  :  cos  alt.  : :  sin  hor.  par.  :  sin  par.  in  alt. 
The  parallax  being  always  a  very  small  angle,  it  is  usual  to  substitute  the  seconds 
in  the  arc  for  the  sine,  so  that  we  have 

par.  in  alt.  in  seconds  =  hor.  par.  in  seconds  X  cos  altitude. 
And  in  this  way  the  table  for  parallax  in  altitude  is  constructed. 


BSDUCTIONS  TO  DIFFERENT  MERIDIANS.  03 

We  haye  now  explained  the  necessary  corrections  for  redncing  the  obseryed  altitude 
of  a  celestial  object  to  its  true  altitude  as  seen  from  the  centre  of  the  earth.  When  the 
object  is  the  sun  or  moon,  these  corrections  are  four  in  number,  namely,  for  dip,  semi- 
diameter,  refraction,  and  parallax  in  altitude ;  when  it  is  a  star  there  are  only  two 
corrections,  namely,  those  for  dip  and  refraction.  The  "  Nautical  Almanac"  furnishes 
the  necessary  particulars  for  the  other  two  corrections  when  either  the  sun  or  moon  is 
obseryed :  the  semidiameter  of  the  moon,  as  seen  from  the  centre  of  the  earth,  is 
giyen  for  interyals  of  twelye  hours  throughout  thu  year ;  its  yalue  for  any  intermediate 
time  IB  to  be  found  by  proportion,  and  it  is  the  same  for  the  horizontal  parallax.  In 
the  "  Explanation"  which  accompanies  the  '^  Nautical  Almanac,"  eyery  needful  infor- 
mation is  giyen  as  to  how  values  which  yary  continuously  may  be  determined  for  any 
proposed  time  from  the  recorded  yalues  at  stated  interyals  :  thus — 

To  find  the  moon's  semidiameter  and  horizontal  parallax  at  6h.  a.m.  (that  is,  before 
noon)  on  Feb.  23, 1846,  at  a  place  IS"*,  or  Ih.,  to  the  east  of  Greenwich. 

The  ciyil  time  at  the  place,  expressed  in  mean  astronomical  time,  is  Feb.  22d.,  18h., 
frx)m  which,  subtracting  Ih.,  because  the  place  is  to  the  east  of  Ghreenwich,  we  haye 
Feb.  22d.,  I7h.  for  the  corresponding  time  at  Greenwich,  or  5h.  after  midnight.  Pro- 
ceeding from  the  semidiameter  giyen  for  midnight  of  the  22nd,  we  must  compute  the 
proportional  part  of  the  yariation  in  12  hours,  due  to  the  time  elapsed,  yiz.,  5h. ;  thus 
the  semidiameter  for  midnight, or  12h.  of  the  22nd,  is  16'  31'''6,  and  fertile  23rd,  at 
noon,  or  24h.,  it  is  16'  34'''7 ;  the  difference,  3''*1,  is  the  yariation  in  12  hours. 
Therefore,; 

12h.  :  6h.  :  :  S"'!  :  l"-3, 

which  add^  (because  the  quantities  are  increasing)  to  16'  31  "'6,  gives  16'  32'''9  for  the 
moon's  semidiameter  at  the  time  proposed.  Similarly,  the  horizontal  parallax  at 
midnight  of  the  22nd  is  60'  39",  and  at  noon  of  the  23rd,  it  is  60'  60"-4 ;  the  difference 
ll*-4  18  the  yariation  in  the  12  hours  which  include  the  given  time :  therefore, 

12h.  :  6h.  ::  ll"-4  :  4"  75  or  4" '8, 

which  aided  (because  the  quantities  are  increasing)  to  60'  39",  gives  60'  43"  8  for  the 
horizontal  parallax  required.  And  if  with  this  horizontal  parallax,  and  the  apparent 
altitude  of  the  moon,  we  enter  the*table  entitled  **  Moon's  Parallax  in  Altitude,"  wo 
shall  obtain  the  parallax  in  altitude.  But  in  most  nautical  tables  the  two  corrections 
for  refraction  in  altitude  and  parallax  in  altitude  are  combined,  and  the  results  tabu- 
lated under  the  head  of  <*  Correction  of  the  Moon's  Apparent  Altitude,"  and  this  is 
the  preferable  arrangement  when  the  true  altitude  is  to  be  deduced. 

Besides  the  foregoing  corrections  for  obtaining  the  true  altitude  of  a  celestial 
object  from  the  obseryed  altitude,  the  obseryed  altitude  itself  generally  requires  a 
little  correction  for  the  known  error  of  the  instrument  (quadrant  or  sextant)  employed 
in  taking  the  altitude;  **  Human  hands  or  machines  never  formed  a  circle,  drew  a 
straight  line,  or  erected  a  perpendicular;"*  there  are,  in  consequence,  unavoidable 
departures  from  strict  mathematical  accuracy  in  all  mechanical  constructions.  The 
shortcomings  may  be  discovered  and  allowed  for,  though  not  remedied— just  as  the 
gain  or  loss  of  a  chronometer  may  be  discovered,  though  to  construct  one,  without 
gain  or  loss,  be  a  practical  impossibility.  The  index  error— as  it  is  usually  called— of 
the  instrument,  is  to  be  allowed  for  before  any  of  the  astronomical  corrections  are 

*.  Sir  John  Hersohel'ti "  Treatise  on  Astronomy,"  page  69.  See  also  <<  Mathematical  Scienoes," 
IM?e09. 
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.  The  zc&aetioa  here  taken  from  the  taUe  is  that  liar  the  mem  itateof  the 
apbere.  If  the  hei^  of  the  barometer  and  thermometer  be  obnrred,  the  mesn  le&ac- 
tion  may  be  ooneeted  aoeoidingl  j  by  aid  of  a  taUe  naaaU  j  plaoed  bende  thai  for  the 
mean  state  of  the  i^moaphere. 

2.  The  observed  altitude  of  the  sun's  lower  limb  on  a  certain  day  was  16*  ST,  tiie 
height  of  the  eye  was  17  feet,  the  index  error  was  3*  additive ;  the  barometer  stood  at 
29  inches,  and  the  tiiermometer  at  58° :  required  the  true  altitade  of  tiie  sun's  centre, 
lii5  semidiamcter,  as  given  in  the  '^Nautical  Alraanae"  for  Ae  day,  benif  16*  IT*. 

Observed  alt.  son's  L,  L.        . 
Index  error 


IHl^  .  .  . 

Apparent  aU.  L.  L.    . 

Befractjon 
Corsection  liar  barometer 

yf  therftuBneter  . 

True  alt.  of  L.  L.  above  aennble  horizon 
Semidiameter  (Naut.  Aim.) 
Parallax  in  altitude 

Tme  aU.  of  son's  centre 

The  corrections  Ibr  the  barometer  and  thermometer  being,  as  in  ihis  example,  alwap 
very  small,  they  are  not  attended  to  at  sesi  when  Ihe  latitude  ia  the  only  thing  to  be 
determined.  The  error  in  the  latitude  arising  from  omitting  these  small  quantities  is 
too  trifling  to  be  of  any  consequence. 

3.  The  observed  altitude  of  the  moan's  lower  Hmb  ^dex  error  allowed  lor)  is 


16^  zar  0" 

+  3'    (T 

ir  3^  0" 

—  4'    4" 

16»  31'  56" 
—  3'  10" 

—  3" 

I6«  2sr  36" 

+  ler  17" 

IC"  45"    1" 
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31*  Ifi* ;  tka  harimmtal  parallax,  ttom  the  "  Nautical  Almanae,"  6B'  ^l'* ;  aemidiameter, 
15'  68" ;  and  the  Iioigbt  of  the  eje  16  hot :  reqvized  the  true  altitode  of  the  moon'ii 


centre. 


OlMrred  alt  aoon't  L.  L.  sr  18*    0" 

Dip  .  —  8*  6(r 

^'*'^®"l  +16'    6- 


Augmentation  8' 

jkpp.  alt  moon's  centre     .  .  31^  30^  16" 

Cor.  for  par.  and  ref.  (hor.  par.  68'  37",  alt  SlJ')  +  48'  26" 


True  alt  moon's  centre      ...  32'  18'  42" 


4.  The  observed  altitode  of  tiie  moon's  upper  limb,  corrected  for  index-error,  was 
41*'  29^;  the  honxontal  parallax,  65'  40* ;  semidiameter,  15'  10" ;  and  the  height  of 
Ihe  eye,  15  fbet :  required  the  true  altitude  of  the  moon's  centre. 

Ohaerrtd  alt  moon's  U.L.  4r  25'    0" 

Dip  .            .            .             —    3'  42" 

Semidiam.           15'  10"  1  .            — 15'  20" 
Augmentation            10"  / 

App,  alt  moon's  centre  .  41*    5'  58" 

Gorxection  for  parallax  and  refraction  —  40'  51" 

True  alt  moon's  centre     ...  41°  46'  49" 


To  HotondBe  thm  IMitiide  at  Sea  from  the  BKeiidlaii  AlUtude  of  a 
Celestial  Ol^eet  wImmo  Deelinatioii  is  known,— The  determination  of  the 
latitude  of  tiia  ah^  by  means  of  the  altitude,  when  on  the  meridian,  of  a  celestial 
object  of  kaowm  deeliaation,  ia  the  easiest,  and  in  geaecal  the  safest,  method  fmr  the 
puxpow.  The  ohfltrratiana  and  the  auhaequent  oaleulatioiis  being  but  few,  they  may 
be  readily  accomplished,  and  with  but  little  liability  to  error  in  the  result  This 
method,  thcnAvQ,  ii  always  used  at  aea,  whenever  feggy  or  cloudy  weather  does  not 
render  it  impnetic&Ue. 

The  eekstial  objeot  obaerftd  mnat  be  one  of  whieh  the  deoUnalion  is  giyen  in  the 
**  Nautical  Almanac,"  for  the  meridmn  of  Qieenwioh.  This  declination  may  be  reduced 
to  Hkd  meiidHm  of  the  ahip— or  rather  to  the  time  at  Gbreenwich  eoffesponding  to  that 
at  the  ahip— lij  tnoaag  the  longitude  by  aooount  into  time,  and  then  applying  the 
yariation  for  declination  due  to  that  time,  aa  explained  at  page  93 ;  the  hourly  Tariation 
of  the  aua'e  dfelieaHmi  ie  given  in  the  **  KantiMd  Almamen,"  at  page  I.  of  each  month. 
The  hMgitnde  by  eQeoont  ia  always  suAoiently  near  tha  tnitfa  for  ^nt  determinatioa  of 
thia  alemnet;  tboun^  giUKter  pvedeion  is  required  for  the  mmm  than  for  Ihe  sun,  as 
the  declination  of  the  femer  ohaages  more  rapidly.  The  dedinatioa  of  the  object 
obseired  being  tbaa  hnovn  at  the  time  of  observitian,  and,  from  its  altitude,  the 
aeaith  diitmee  of  ii  being  aleo  knows,  we  have  the  distance  of  the  objeet  both  from 
the  equinoctial  and  from  tjhe  asnith  of  the  ship :  consequently,  the  distanee  of  the 
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zenith  from  the  equinoctial— that  is,  the  distance  of  the  ship  from  the  equatoi^- 
becomes  known  either  by  simple  addition  or  subtraction ;  and  thus  the  latitude  is 
found. 

The  object  observed  may  be  either  aboye  the  pole  or  below  it ;  that  is,  it  may 
be  on  either  the  mid-day  or  the  mid-night  portion  of  the  celestial  meridian  of  the 
place ;  and,  in  the  former  case,  it  may  be  in  either  of  the  three  following  positions  in 
reference  to  the  equinoctial  and  the  zenith,  namely : — 

1.  The  zenith  and  the  object  observed  may  both  be  on  the  same  side  of  the  equi- 
noctial, and  the  object  nearer  to  the  equinoctial  than  the  zenith  is,  as  at  S,  in  the 
diagram  below. 

2.  The  zenith  and  the  object  being  on  the  same  side  of  the  equinoctial,  the  zenith 
may  be  nearer  to  the  equinoctial  than  the  object  is,  as  at  S\ 

3.  The  zenith  and  the  object  may  be  on  dif- 
ferent sides  of  the  equinoctial,  as  at  S''. 

Let  NZH  be  the  meridian,  Z  the  zenith  of 
the  ship,  N  the  elevated  pole— the  north  pole 
suppose — and  EQ  the  equinoctiaL 

Mrat.—Let  the  object  observed  be  at  S,  between 
the  zenith  and  the  equinoctial,  and  both  north  of 
the  equinoctial ;  then  for  the  latitude  EZ,  we  have 
EZ  =  ES  -f-  SZ :  that  is, 

1).  The  latitude  is  equal  to  the  dedioation,  pius 
the  coaltitnde. 
Second. — Let  the  object  be  at  S',  on  the  con- 
trary side  of  the  zenith,  then  the  latitude  EZ  is 
EZ  =  ES'  -  S'Z ;  that  is, 

(2).  The  latitude  is  equal  to  the  declination,  minus  the  coaltitude. 
Third. — ^Let  the  object  be  at  S'',  on  the  contrary  side  of  the  equinoctial;  that  is, 
let  its  declination  be  south,  then  the  latitude  is  EZ  =  S''Z  —  ES"  :  that  is, 
(3).  The  latitude  is  equal  to  the  coaltitude,  minus  the  declination. 
Hence,  if  we  call  the  coaltitude,  or  zenith  distance  of  the  object,  northy  when  the 
zenith  is  north  of  it,  and  south,  when  the  zenith  is  south  of  it,  we  shall  have  the 
following  role  for  all  the  three  cases — namely, 

KuuB. — ^When  the  object  observed  is  above  the  pole,  if  the  zenith  distance  and  the 
declination  have  the  same  name,  that  is,  be  both  north  or  both  south,  their  sum  will  be 
the  latitude.  1£  the  zenith  distance  and  the  declination  have  diffsrmt  names,  their 
differsnce  will  be  the  latitude,  of  the  same  name  as  the  greater. 

It  is  assumed  above  that  the  north  is  the  elevated  pole ;  but  if  it  be  the  south,  then 
by  merely  writing  south  for  north  and  north  for  south,  the  reasoning  will  remain  the 
same :  the  rule  will  require  no  modification. 

It  is  obvious  that  the  elevation  of  the  pole  above  the  horizon  of  any  place  is  always 
equal  to  the  latitude  of  that  place,  for  ZN  is  equally  the  complement  of  the  latitude 
£Z,  and  of  HN  the  elevatioin  of  the  pole.  The  elevation  of  the  equator,  or  the  angle 
it  makes  with  the  horizon,  is  also  clearly  equal  to  the  colatitude. 

It  should  be  remarked,  that  when  celestial  objects  are  near  the  horizon  they  are  in 
a  position  less  fiivonrable  for  observation  than  when  they  are  more  elevated,  because 
the  refraction  near  the  horizon  is  very  Tariable  in  its  effects. 
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AatHmde  from  the  8«n  when  aboTe  the  Fole.— The  sun  is  the  odestUl 
object  most  commonly  appealed  to  hj  marinen  for  the  dcterminatioii  of  the 
latitude  of  the  ship :  it  is  more  frequently  Tisible  in  the  day>time,  when,  except  in 
had  weather,  the  sea  horizon  is  more  clearly  defined,  and  the  corrections  to  be  applied 
to  the  observed,  in  order  to  get  the  true  altitude,  are  few  and  simple.  The  corrections 
for  a  star  are  still  fewer ;  but,  as  the  horizon  is  usually  getting  obscure  when  the  stars 
begin  to  appear,  a  star  is,  in  general,  less  fayourable  for  the  purpose  than  the  sun :  the 
moon,  however,  is  often  on  the  meridian  under  favourable  circumstances,  but  the 
corrections  necessary  are  more  in  number,  and  require  to  be  made  with  greater  care. 
We  shall  give  suitable  directions  for  each  of  these  objects  separately,  detailing  the 
proper  corrections  to  be  made  preparatively  to  inferring  the  latitude,  as  briefly 
indicated  by  the  general  rule  given  above. 

RiTLB  1.  From  the  longitude  by  account  find  the  apparmt  time  at  Greenwich :  this 
is  called  the  Ghreenwich  date. 

2.  From  page  I.  of  the  Nautical  Almanac  get  the  noon-declination  at  Greenwich  ; 
and,  by  means  of  the  hourly  difference  in  declination  there  given,  and  the  previously 
found  (Treenwich  date,  find  the  correction  due  to  that  date ;  the  declination  at  the  time 
of  observation  will  thus  be  discovered. 

3.  Apply  to  the  observed  altitude  the  proper  corrections  for  dip  and  semi-diameter ; 
the  apparent  altitude  of  the  centre  will  then  be  obtained ;  and  the  corrections  for 
refraction  and  parallax  will  reduce  the  apparent  to  the  true  altitude. 

4.  Mark  the  zenith  distance  N.  or  S.  according  as  it  is  N.  or  S.  of  the  sun :  then, 
if  the  declination  and  zenith  distance  have  the  same  marks,  their  sum  will  be  the 
latitude ;  if  they  have  different  marks,  their  difference  will  be  the  latitude. 

Note. — ^The  first  step  in  the  foregoing  rule  requires  the  conversion  of  degrees, 
minutes,  &c.,  of  longitude  into  time,  which  is  readily  done  from  the  known  relations — 

IS"  =  Ih,  16'  =  Im,  16"  =  Is ; 

for  from  these  it  is  evident  that  if  we  multiply  the  degrees  of  longitude  by  2,  and 
then  divide  by  30,  the  quotient  will  be  hours,  and  so  many  thirHethe  of  an  hour ;  so 
that  twice  these  thirtietiis  will  be  the  additional  minutes  of  time. 

In  like  manner,  if  we  multiply  the  minutes  of  longitude  by  2,  and  divide  by  30, 
the  quotient  will  be  the  minutes  of  time,  and  so  many  thirtieths ;  that  is,  twice  that 
number  of  seconds  of  time. 

Suppose,  for  instance,  the  longitude  is  93°  37'  41",  we  may  easily  convert  it  into 
time,  as  in  the  margin,  thus :  multiplying  the  degrees,  minutes, 
and  seconds  by  2,  we  have  186°  74'  82". 

Dividing  each,  separately,  by  3,  cutting  off  the  unit  figure 
of  each  for  the  0  suppressed  in  the  30,  we  have  for  the  first 
quotient  6  hours  and  6  thirtieths — ^that  is,  6h  12m;  for  the 
second  quotient,  2  minutes  and  14  thirtieths— that  is,  2m  28s ; 
and  for  the  third  quotient,  2'78s — decimals  of  a  second  being 
always  used  instead  of  thirds :  hence  the  time  corresponding 
to  98**  87*  41"  of  longitude  is  6h  14m  30*738. 

JSxamplee, 

1.  On  April  27,  1853,  in  north  latitude,  and  in  longitude  87"  42'  W.  the  observed 
mflfri/!ift«  altitude  of  the  sun's  lower  limb  was  48°  42'  30"  (zenith  N),  the  index 
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oocreotioii    wm  +  ^'  ^^"f  <^   ^^  keigbt  of  the  eye   18    feet 
latitude. 

1.  B>r  the  apparmi  Ume  at  Oreemoieh, 
long,  by  account     ...    87**  42'  W. 

2 


the 


8)17,4  8,4 

5     48 
248 

'61i.  50m.  488. 

The  TBiiatioQ  for  thos  time  to  be  added, 
as  the  declination  is  increasing. 


2.  Fm-  flie  8un*8  decimation, 
Dec.  at  app.  noon  (Kaut.  Aim.) 
13»  43'  63"  N.  yar.  in  Ih.  47" '7  increasing 
+  4'  38"  6 


13^48' 31"  Ts\  in6h. 
in  1dm. 


286-2 
7-9 


Observed  altitude  of  sim*s  L.L. 
Index  cor.  +    1'  42"  ■) 
Dip 
Semi-diam. 


'.  +    1'  42") 
,  —    4'  11"  \       . 
Q.  +  16'  54") 


in  5kL,  50m.  2.78'3  seconds 
or  4'  38" 


iS^'  42*  80" 
+ 13*  25" 


App.  alt.  of  sun'fl  centre 
Eefraction  and  parallax 


True  alt  of  centre 


48^  55'  55" 
—  44" 

48^  55'  11" 
90" 


True  zenith  distance 4r    4'  49"  N. 

Sun's  reduced  declination     .         .         .         .13**  48'  31"  N. 


Latitude 


54°  55'  50"  N. 


As  noticed  in  the  Introduction,  page  32,  it  is  always  advisable  to  mal&e  all  the  use 
we  can  of  Tables  when  they  are  once  in  hand.  The  first  table  referred  to  in  the 
foregoing  operation  is  that  given  at  page  I.  of  the  Nautical  Almanac  for  the  sun's 
declination  at  apparent  noon  at  Greenwich,  with  the  hourly  variation;  tho  semi- 
diameter  should  be  taken  out  at  the  same  time,  end  inserted  in  its  proper  place,  but 
seamen  in  general  use  invariably  16'  for  the  sun'^  semi-diameter.  A  blank  form  of 
the  several  particulars  in  such  operations  is  of  considerable  assistance,  as  the  work  is 
thereby  facilitated,  and  the  risk  of  mistake  diminished.  The  "  correction  in  altitude"— 
that  is,  the  allowance  for  refraction  and  parallax— should  be  taken  from  the  Njautical 
Tables  at  the  same  time,  as  .that  for  dip  in  working  examples ;  though  at  .sea  the 
dip  generally  differs  but  little  throughout  a  voyage.* 

It  may  be  remarked,  that  in  computing  the  declination  of  the  sun  for  l^c  time  of 
observation,  seconds  of  time  may  be  disregarded,  and  even  a  few  minutes  is  of  no 
practical  consequence  :  indeed,  the  longitude  by  account  is  only  an  approximatioii  to 
the  correct  longitude. 

•  In  some  cases,  however,  when  the  voyag«  is  long,  and  the  complement  of  men  considerable, 
the  dip  may  sensibly  increase.  Captain  Parry,  after  wintering  in  "  Winter  Harbour,"  in  1820, 
estimated  the  consamption  of  stores  and  provisions  to  have  amounted,  in  the  "He<ila,"  to  about 
seventy  tons :  the  dip  must  therefore  have  increased. 
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But,  as  a  little  oonsideration  will  be  suffioient  to  show,  the  error  in  the  estimated 
longitude  must  be  yery  great  indeed  to  occasion  aaj  error  of  praotieal  importance  in 
the  declination  of  the  mm  at  the  instant  of  obMnratien.  If  only  the  altitude  bo 
observed  with  j^roper  care,  the  computer  may  trost  to  llie  -Monraoy  of  the  resulting 
latitude  without  any  nioe  determination  of  his  longitude :  1*  of  longitude  is  only  4''  of 
time. 

2.  On  Augurt  1^  16A6,  in  north  latitude,  and  in  longitade  61°  W.,  the  meridian 
altitude  of  the  sun's  upper  limb  was  47°  26'  (zenith  N.),  the  index  correction  —  1*  47", 
and  the  height  of  tiie  eye  20  feet :  required  the  latitude. 

2.  Ar  tk$  sun's  tUeKnation. 


1.  For  the  jyjjittwl  iC«s  at  Oremwieh. 

Long,  by  accomit 51°  "W. 

2 

8)io;2 

App.  tuns  at  Qxeenwidh  .    .    .    Sh.  24m. 

lie  rafiation  for  tlus  time  must  be 
subtracted,  as  the  declination  is  decreamng. 


Dec.  at  app.  noon  (Naut.  Aim.) 
W°  25*  28"  N.  Tar.  in  ih.        46"-61  dec. 
-  2'  38"  3 


14'  22*  6(r  K. 


in  8h.  189-^3 
in  12m.  '9'80 
In  12m.       -9*80 


S*  18"  =  iMia  flee. 


O^Meonred  altitude  of  Min'sU.L.    .  .  47°  26*   <r 

Index  cor.    —    1'  47"  \ 

J)iiu      .     .--   4'a4"[        .  .  —  22*    0" 

Bomi-diam.  —  16'  49" )  

Anp.  Alt  of  centre 47°   4'   ^' 

SeflAQtimi  and  parallax        .        .       i.        .  —47" 

Tnifi  alt  of  centre 47°    3*  13" 

90° 

True  zenith  distance     .  .  42*  5r  47"  N. 

Sun's  xedueed  deolmation     .        .        ,        .  U'^S*  50'' N. 

Latitude        ....  57°  17' 37"  N. 


3.  On  November  8,'  1846,  in  longitude  62°  E.,  the  meridian  altitude  of  the  sun's 
luwer  limb  was  ^7°  12'  30"  (zenith  S.),  the  index  ooxreotian  was  4- 1'  36",  and  the 
height  of  the  eye  30  feet :  required  the  latitude. 


1.  For  the  apparent  time  at  Greenwich. 
Long,  by  account  •    -.   #2°  £. 

•8)12.4 

App.  time  at  Groeawioh^.  8m.  before  noon. 

The  yariai&oii  for  this  time  must  be 
subtracted,  as  tiie  deeUnation  is  greater  at 
noon  than  before  noon. 


2.  For  Vie  eutfs  declination, 
Dec.  at  app.  noon  (Naut.  Aim.] 


16^  3r  34"  S.  var.  in  Ih. 


43" 


•36  inc. 
4 


16"  30'  34"  S. 


in  4h. 
in  8m. 


173-44 
6-19 


179-63  sec. 
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Observed  altitude  of  sun's  L.L. .        .        .57*  l^  30" 

Index  cor.    +    1'  36"  ) 

Dip.             —    6'  24"  V    .        .        .        .  + 12'  22" 

Semi-diam.  +  16'  10")  

App.  alt.  of  centre 57' 24' 62" 

Refraction  and  parallax     ....  —  32" 

True  alt.  of  centre 57' 24' 20" 


True  zenith  distance  .  .        .32°  36'  40"  S. 

Sun's  reduced  declination  .        .        .        ,    l&*  30'  34"  S. 


Latitude        .        .        .        .    49°    6*  14"  S. 


It  may  be  remarked  here,  that  in  reducing  the  declination  to  the  time  at  Greenwich 
when  the  obseryation  is  made,  the  hourly  yariation  should,  in  strictness,  be  taken 
equal  to  44*06,  which  is  the  average  variation  during  the  preceding  24  hours,  or  from 
the  noon  of  Nov.  7  to  the  noon  of  Nov.  8,  because  the  4h.  8m.,  for  which  the  correction 
is  made,  is  a  portion  of  this  24  hours ;  but  the  difference  in  the  correction  would, 
amount  only  to  about  2}  seconds.  Such  small  quantities  are  not  worth  attending  to 
in  the  present  problem,  as  the  altitude  of  a  celestial  object,  taken  at  sea,  cannot  be 
measured  to  within  a  few  seconds  of  the  truth ;  and  if  the  latitude  can  be  deduced  to 
the  nearest  minute,  it  is  all  that  can  be  reasonably  expected. 

To  save  the  trouble  of  the  preliminary  reductions  here  adverted  to,  a  table  is  given 
in  most  nautical  collections,  by  entering  which  with  the  sun's  noon-declination  and  the 
longitude  by  account,  the  correction  for  declination  is  found  with  accuracy  sufficient 
for  the  purposes  of  navigation.  The  table  referred  to  is,  in  Norie's  Tables,  the  twenty- 
first  ;  we  shall  use  it  in  the  following  example. 

4.  On  November  21,  1841,  in  longitude  165°  E.,  the  meridian  altitude  of  the  sun's 
lower  limb  was  observed  to  be  47°  38'  (zenith  N.),  the  index  correction  was  —  1'  16", 
and  the  height  of  the  eye  17  feet :  required  the  latitude. 

For  the  declination  at  the  Qreenwieh  time  of  observation. 
Sun's  declination  at  noon,  Nov.  21  (Naut.  Aim.)   ...    19°  67'  56"  S. 
Correction  for  longitude  166°  E —  5'  52" 


Sun's  reduced  declination 19°  62'    3" 


Observed  altitude  of  sun's  L.L.                  .  47°  38'    0" 

Index  cor.    —    1'  16") 

Dip.             —    4'    4"^                     .        .  -I-  10' 64" 

Semi-diam.  +  16'  13"  )  

App.  alt.  of  centre 47°  48' 64" 

Refraction  and  parallax     ....  —  46" 


True  alt.  of  centre     . 

.    47°  48'    8" 
90° 

True  zenith  distance 
Sun's  reduced  declination  . 

.    42°  11' 62"  N. 
.     19°  62'    3"S. 

Latitude 

.     22°  19' 49"  N. 
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lAUtnde  firom  &  8tas  aboTe  th«  FoU.— A  fixed  star  dianges  ita  deolixiation 
so  slowly  that  its  yariatioii,  even  in  a  month,  is  scarcely  sensible ;  no  correction, 
therefore,  for  longitude  wUl  be  necessary ;  the  declination,  as  giyen  in  the  Nautical 
Almanac  on  the  day  of  observation,  may  be  taken  as  that  at  the  time  of  observation. 
As  a  fixed  star  has  no  parallax  in  altitude,  the  only  corrections  wUl  be  those  for  dip 
■and  refraction ;  the  rule  for  deducing  the  latitude  is  therefore  as  follows : — 

Bulb  1.  Apply  to  the  observed  altitude  the  corrections  for  dip  and  refraction; 
the  result  will  be  the  true  altitude,  and  this  subtracted  from  90''  will  give  the  true 
zenith  distance. 

2.  Mark  the  zenith  distance  K.  or  S.  according  as  it  is  N.  or  S.  of  the  star ;  then  if 
the  declination  and  zenith  distance  have  the  same  marks,  their  sum  will  be  the  lati- 
tude ;  if  they  have  different  marks,  their  difference  will  be  the  latitude. 

Examples. 

1.  January  22, 1846,  the  meridian  altitude  of  Arcturus  was  observed  at  sea  to  be 
43°  27'  (zenith  north),  the  index  correction  was  -^  2*  10",  aud  the  height  of  the  eye 
20  feet ;  required  the  latitude. 

Observed  altitude  of  star     ....    43°  27'    0" 
Index  cor.  +  2*  10"  )  ^^     .„ 

Dip     .    .-4' 24") 

App.  alt.  of  star 

fiefraotion  .        •        •        . 


48°  24' 
—  1' 

46" 
0" 

43°  23' 
90° 

46" 

46°  36' 
19°  58' 

14"  N. 
59"  N. 

66°  35' 

13"  N. 

True  alt.  of  star 

True  zenith  distance    • 

Star's  declination,  Jan.  22, 1846 

Latitude 66< 

2.  On  February  12, 1853,  the  meridian  altitude  of  a  Hydna  was  observed  to  be 
47°  24'  30"  (zenith  north),  the  index  correction  was  —  2'  10",  and  the  height  of  the 
eye  17  feet    Bequired  the  latitude. 

Observed  altitude  of  star     ....    47°  24'  30" 
Index  cor.  —  2*  10*' )  ^,  -  .„ 

Dip     •    .-4'    4''J  ....        -g   ^^ 

App.  alt.  of  star 4r  18'  16" 

Eefraction -52" 

True  altitude  .  .        .       .    47°  17'  24" 

90° 

True  zenith  distance    ;        .        .       .        .    42°  42'  36"  N. 
Star's  declination,  Feb.  12,  1853         .        .      8°    1'  29"  S. 

Latitude 34°  41'    7"  N. 
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%.  Oh  Jtdy  16,  1846^  the  mericttaii  altitade  of  Fomsdhant  wacr  found  to  Be  T3°  86' .J 
(zeni^b  north),  the  index  oorreetion  —  36^,  and  the  height  of  ihe  eye  24  'feet. 
Beqiund  the  latitude). 

Obseryed  altitade  of  the  star        .        .        •    73""  36'  30" 
Index  cor.  —  30"  )  /?  i<y' 

Dip     .  -  4'  49"  ) -  6   19- 

App.  alt.  of  star 73*  31*  11" 

Refraction —  16'" 

True  altitude 73^"  dQ'  5&' 

True  zenith  distance 16°  29'     5"  N. 

Star's  declination,  July  16,  1845  ..        .     30^  2G'  20"  S. 

Latitude      ....        .        .  .     IS*'  5r  15?'  Si 


Note. — ^In  some  nautical  tables  the  corrections  fDr  dip  and  refraction  are  united 
under  the  head  of  "  Correction  of  star's  observed  altttude.'*" 


Latitude  iwiiB,  the  Koon  above  the  Pole. — ^The  moon's  deoUnation  is  given 
in  the  Nautical*  Almanac  for  every  hour  of  the  day,  and  the.  time  of  her  meridian 
passage  from  day  to  day.  These  elements  are  computed  for  mean  timef  the  reckoning 
being  from  mean  noon  at  Greenwich.  ■  Hence,  to  find  the  moon^s  declination  cor- 
responding to  the  time  of  taking  her  meridian  altitude  at  sea,  we  must  know  the  time 
at  Greenwich  at.  the  instant  of  observation.    This  is  ascertained  as  follows : — 

As  the  motion  of  the  moon  in  her  orbit  is  eastward,  her  transit  over  the  meridian 
of  any  place  is  delayed  from  day  to  day.  In  consequence  of  this  retardation  she  will 
pass  the  meridian  of  a  place  to  the  west  of  Greenwich  later  in  the  day  at  that  place 
than  she  passes-  ^e  meridian  of  Greenwich,  and  her  transit  over  a  meridian  to  the  east 
of  Gireenwich.  will  take  pkce  earlier  in  tUe  day.  Sow  much  later,  or  how  much 
cariier,  will  be  aecertaiaed  by  converting  the  longitude  of  the  meridian  into  time^  and 
applying  the  corresponding  proportional  part  of  the  daily  variation  as  fumisbed  by  the 
Nautical  Almanac.  By  help  of  the  short  table  in  the  next  page,  and  the  daily  change 
in  the  time  of  transit,  the  correction  to  be  added  to  the  Greenwich  time  of  transit,  to 
obtain  the  time  of  transit  over  a. meridian  west  of  Greenwich,  or  to  be  subtracted  to 
obtain  the  time  of  transit  over  a  meridian  east  of  Greenwich,  may  be  at  once  found. 

The  daily  variation,  as  given  by  the  Nautical  Almanac,  is  to  be  sought  for  in  the 
top  row  of  figui*et^  and  the  longitude  of  the  place  in  the  marginal  column  on  the  left ; 
the  proper  correction  of  the  Greenwich  mean  time  to  reduce  it  to  the  mean  time  of 
transit  at  the  place  is  then  to  bo  taken  out  from  the  body  of  l3ie  table.  It  is  sufficient 
that  the  daily  variation  be  taken  to  the  nearest  minute. 

It  must  be  observed,  however,  that  in  the  case  of  the  moon,  there  must  not  be  the 
same  indifference  as  to  the  accuracy  of  the  longitude  by  account  as  is  allowable  in  the 
case  of  the  sun ;  the  following  exainples  will  show  that  on  account  of  the  moon's  more 
rapid  change  in  .xleclination,  a  comparatively  short  interval  of  time  makes  a  sensible 
difference  in  this  element. 
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Table  for  Jinding  the  time  of  the  moon*  9  traneit  ever  a  given  meridian  when  the  time  of  the 
traneit  at  Oreenwieh  ie  l-nown^  and  the  daily  variation  of  the  time. 
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£7  the  aid  of  tlin  table  tlio  latitude  from  a  meridian  altittrde  of  the  moon  when 
above  the  pole  may  be  fi>und  as  follows  : — 

Rule  1. — From  the  Nautical  Almanac  tato  out  the  time  of  the  moon's  passage  over 
the  meridian  of  Greenwich  on  the  given  day,  as  also  the  daily  variation. 

2.— From  the  longitude  by  account,  and  the  foregoing  tahle^  reduce  this  to  the 
time,  at  the  pisae,'o€  the  moon's  passage  over  the  Tnendiiui  of  the  ship ;  the  time  of 
observation,  at  the  piaee  where  that  observation  is  made,  will  thus  be  found. 

3. — ^From  the  sbip's  time  and  longitude  find  the  corresponding  tnne  at  Greenwich. 

4. — Find  now  the  moon's  declination  at  that  time  from  the  Nautical  Almanac, 
computing  the  Tsriation  for  the  odd  ndnutes  by  means  of  the  difference  in  declination 
Ibr  lOm. 

5. — From  page  III.  of  the  month,  take  out  the  moon's  semidiameter,  and  increase 
it  by  tfce  **  Augmentation**  given  in  the  Nautical  Tables.  The  correction  fbr  index- 
error,  dip,  and  iSemidiaineter,  wiH  reduce  the  observed  altitude  of  the  limb  to  the 
apparent  sItiiKncte  of  the  centre. 

6. — ^To  the  apparent  altitude  of  the  centre  add  the  correction  in  altitude,  that  is, 
the  piitallax  in  latitude  minns  the  refraction,  and  the  true  altitude  of  the  centre  will  bo 
obtained.  '  fifabfract  this  from  90°,  and  then,  by  adding  or  subtracting  the  moon's 
decfinatioii'  at  the  time,  as  in  the  cose  of  the  sun,  the  latitude  of  the  place  will  be 
ascertaiite^. 
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Examples, 
1.  On  May  27,  1846,  in  longitude  49°  YT.,  the  meridian  altitude  of  the  moon's 
lower  limb  waa  found  to  be  47°  18'  30"  (zenith  S.)  the  index  correction  was  +  1'  40", 
and  the  height  of  the  eye  20  feet :  required  the  latitude  of  the  ship. 

1.  For  the  mean  time  at  Greenwich  when  the  observation  teas  made. 
Moon's  transit  at  Greenwich,  May  27  .  Ih.  56m.     Daily  variation,  48*7m: 

Cor.  for  long.  49°  "W.  and  48m.  variation      .       -f  6m. 

Time  at  ship  when  alt.  was  taken         .        •    2h.    2m. 
Long.  49°  W.  in  time 3h.  16m. 

Time  at  Greenwich  when  alt.  was  taken       .    5h.  18m. 


2.  For  the  moon's  declination  at  that  time. 
Declination  May  27,  at  5h.        .        .    18°  66' 16"  N.    Var.  in  10m.,  26" -55  (dec.) 
Decrease  in  18m.  =  2"-666  X  18  =  —  48' 


Declination  at  6h.  18'        .        .        .     18°  55'  28"  N. 


8.  For  the  true  altitude  of  the  Moon's  centre,  and  thence  the  latitude. — At  page  III.  of 
May,  in  the  Nautical  Almanac,  the  moon's  semi-diameter  at  noon  on  the  27th  is 
15'  1"  ;  and  her  horizontal  parallax  at  the  same  time  is  55'  16".  Hence  we  get  the 
latitude  thus : — ' 

Observed  alt.  of  moon's  L.  L.!     .        .        .    47°  18'  30" 

Index  cor.       .        .  +    1'  40" 

Dip         .  .  —   4'  24" 

Semi-diameter        )   _i   , «  , «»» 

-firforaugmen.}  "^  ^^    ^^ 

App.  alt.  of  moon's  centre    .        .  *    47°  31'    2" 

Parallax  and  refiraction        .        .  .      -f  36'  10" 

True  alt.  of  moon's  centre    .        .        .        .48°    7'  12" 

90° 


+  12'  32" 


True  zenith  distance 41°  52'  48"  S. 

Moon's  declination 18°  65'  28"  N. 


Latitude 22°  67'  20" 


It  is  plain  that  whatever  be  the  celestial  object  observed,  the  error  in  the  latitude 
will  be  the  sum  of  the  errors  in  the  zenith  distance  and  declination  when  both  are  of 
the  same  name,  and  the  difference  when  they  are  of  contrary  names. 

The  latitude  at  sea  is  seldom  computed  to  seconds,  as  the  exact  longitude  and  time 
at  the  ship,  as  inferred  from  the  dead  reckoning,  generally  deviates  from  the  truth. 
It  is  customary,  therefore,  to  aim  at  deducing  the  latitude  only  to  the  nearest  minute : 
thus,  in  the  present  example  the  latitude  would  be  concluded  to  be  22°  67'  S» 

2.  On  Dec.  7th,  1840,  in  longitude  16°  W.  at  lOh.  43m.  apparent  timei  the  me- 
ridian altitude  of  the  moon's  lower  limb  was  83°  7'  (zenith  S.),  the  index  ooneotion 
was  —  1'  55'',  and  the  height  of  the  eye  16  feet ;  required  the  latitude  to  the  nearest 
minute.    Here  the  time  at  the  ship  being  given,  we  shall  not  require  to  take  out  of 


LATITXTDE  FBOM  THE  MOON  ABOVE  THE  POLE.  106 

STaatieal  Almanac  the  time  of  the  moon's  meridian  passage  at  Greenwich:  the 
nwich  date,  or  mean  time  at  Greenwich  when  the  altitude  was  taken,  is  found 

1.  For  th$  mean  tim$  at  Greenwich  when  the  observation  was  made. 

Apparent  time  at  ship,  Dec.  7        •        .        .     lOh.  43m. 
Long.  16*  W.  in  time    .... 

App.  time  at  Gh;eenwich 
Equation  of  time  (Naut  Aim.  p.  I.) 

Mean  time  at  Greenwich 

2.  For  the  Moon's  declination  at  that  time. 

Declination  Dec.  7,  at  llh.        .        .    24'  46'  N.  (inc.)  Var.  in  10',  80" 
Increase  in  39m.  =  8-X  39  =  .        .         +6' 


Ih. 

4m. 

llh. 

47m. 
-8m. 

Uh. 

39m. 

Declination  at  llh.  39m.   .  .24''  51'  N. 


3.  For  the  true  altitude  of  the  Moon*s  cwtre^  and  thence  the  latitude. 

Observed  alt.  of  moon's  L.  L 83^    T 

Index  eor.        .  —    2* ) 

Dip .        .        •  —    *'  f +  ^^' 

Semi-diam.      .  +17'^  

App.  alt.  moon's  centre 83"*  18* 

Parallax  and  refraction -(-7' 


True  alt.  of  moon's  centre 83**  1^5' 

90'' 

True  zenith  distance 6**  36'  S. 

Moon's  declination W  SVS, 

Latitude 18''  15'  N.  J 

Examples  for  Fxereise. 

lOTE. — ^In  the  following  examples  the  latitude  is  to  be  determined  to  the  nearest 

te. 

.  On  the  2nd  of  May,  1833,  the  meridian  altitude  of  the  sim's  lower  limb  was 

0*  (zenith  K.),  the  index  correction  —  2'  the  height  of  the  eye  20  feet,  and  the 

tnde  by  account  32°  E. 

Iso  sun's  dec.  May  2, 15°  23'  21"  N.  (inc.)    Hourly  difference  45". 

ami-diameter  15'  53"  (Nautical  Almanac). 

eqoired  the  latitude  to  the  nearest  minute.  Ans.  Latitude  58°  53'  K. 

On  Jan.  9,  1840,  in  longitude  116°  W.,  the  meridian  altitude  of  the  sun's  upper 
was  found  to  be  69°  14'  (zenith  N.),  index  error  0,  and  height  of  the  eye  27  feet. 
iied  the  latitude  to  the  nearest  minute. 

na'a  dec  Jan.  9,  22°  12'  S.  (dec).    Correction  for  long.  116"  W.,  —  3'.    Semi- 
.  le*.  Ans.  Latitude  1°  2'  S. 


106  LATHmDB  FROM  THE  UOOV  ABOTB  THE  FOIB^ 

3.  On  May  lotb,  1829,  th&  meridian  altitude  of  the  star  Spica  was  ebMcredto  bo 
Sd""  17'  (zenith  N.),  indisz  correetion  -f-  V  10"  ;.  the  star's  declination  .w«»  1#°  W  S^ 
required  the  latitude  to  the  nearest  minute,  the  dip  being  —  5, 

Ans.  Latitude  46*^  32r  N. 

4.  The  meridian  altitude  of  the  star  Eigel  was  observed  to  be  So"*  4'  (zenith  N.), 
the  index  correction  was  +  2',  and  the  star's  declination  8^  22'  45"  S. ;  the  height  of 
the  eye  was  20  feet :  required  the  latitude  to  the  nearest  minute. 

Ans.  Lotitsde  3"  24'  S. 

5.  On  Feb.  19th,  1823,  in  longitude  40°  TV.,  the  meridian  altituds  of  the  moon's 
lower  limb  was  observed- to  be  55°  8'  (zenith  N.),  the  index  correction  was  —  2',  and  the 
height  of  the  eye  16  feet. 

The  moon's  passage  over  the  merid.  of  Greenwich,  Feb.  19th,  was  6h.  56m. 

„                „                „                „                „                20tb,  was  7h.  59m. 
Declination,  Feb.  19th,  at  noon 2»»  38'  17"  N. 

„  „  midnight 26°  54' 39' N. 

Semi-diameter 16'  12" 

Horizontal  parallax   .        .  59'  32" 

Required  the  latitude  to  the  nearest  minute.  Ans.  Latitude  61°  1'  N. 

6.  On  Nov.  12,  1853,  at  2h.  20m.  mean  time,  in  longitude  60''  4^  W.,  the  meridian 
altitude  of  the  moon's  lower  limb  was  observed  to  be  SO"*  30'  40"  (aenith  N.),  the 
index  correction  was  +  10'  42",  and  the  height  of  the  eye  16  feet. 

Moon's  declination,  Nov.  12,  at  6h.     .        .     2°  44'  20"  KF.. 
7h.     .       .    2°  57' 38"  N. 

Semi-diameter 15'  12" 

Horizontal  parallax    .        .  .        .         56'  13" 

Required  the  latitude  to  the  nearest  minute.  Ans.  Latitude  61°  11'  N. 

To  determine  tJie  latitude  from  the  meridian  altitude  of  a  celestial  obfect  wJien  below  the 
pole. — In  the  diagram  at  page  96,  let  s  be  the  position  of  a  celestial  object  when  on 
the  meridian  of  the  plaee  whose  zenith  is  Z,  and  below  the  elevated  pole  N ;  the 
altitude  of  it  will  be  H*,  and  s  N  will  be  the  complement,  of  its  declination  Q». 
Consequently,  the  altitude  added  to  the  co-declination  will  be  the  latitude  H  N  of  the 
place  whose  zenith  is  Z  (page  86).  The  sun  is  on  the  meridian  of  any  place,  below 
the  pole,  12  hours  after  the  apparent  noon  at  that  place,  consequently  12  hours, 
increased  or  diminished  by  the  longitude  in  time,  according  as  the  place  is  "W.  or  E.  of 
Greenwich,  will  be  the  apparent  time  at  Greenwich  when  the  observatioa  wa»  made ; 
and  the  declination  corresponding  to  this  time  may  be  found  as  in  the  foregesig 
examples. 

For  a  star,  the  declination  wiU  be  the  same  as  that  given  foi  the  day  in  tfie 
Nautical  Almanac  ;  since,  as  before  remarked,  the  change  in  the  de(&ation  oTa  fixeii 
star  is  insensible  till  after  the  lapse  of  several  days.  ^  ' ' 

For  the  moon,  the  time  of  transit  over  the  mid-day  portion  ef  the*  m^nSSm.  of  the 
place  may  be  found  as  at  pa^  103,  and  tiiis  time  increased  by  1^  hours  and  bylalf 
the  daily  difference  of  time,  will  be  the  time  of  her  returning  to  the  meridian  bebv 
the  pole ;  and  the  proper  reduction  being  made  for  longitude,  as  in  the  ease-  ef  the 
sun,  the  time  at  Greenwich,  and  thence  the  corresponding  declination  may  be  ibiisd. 
The  rule  for  computing  the  latitude  is  therefore  as  follows : — 

RuLB. — 1.  Find  the  declination  of  the  object  at  the  time  of  observation. 
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2.  To  the  olnerTed  altitude  apply  the  proper  corrections  for  deducing  the  truo 
altitude. 

3.  To  the  tme  altitude  add  the  co-declination ;  die  sum  will  bt  the  latitude,  of  the 
same  name  as  the  dedination. 

Latitude  ftom  the  8iin  when  below  ihe  Fole.— As  the  rule  just  given 
applies  equally  to  the  sun,  moon,  or  star,  special  directions  for  each  case  will  be  unne- 
cessary ;  we  shall,  tharclbre,  give  a  practical  illustration  of  the  mode  of  working  for 
each  object  separately,  and  then  add  an  example  or  two  for  exercise.  The  following 
Is  an  example  when  the  object  is  the  sun  : — 

Example.— On  June  18,  1853,  in  north  latitude,  and  in  longitude  96=*  W.,  the 
meridian  altitude  of  the  sun's  lower  Umb,  at  apparent  midnight,  was  obaervod  to  be 
S°  36',  the  index  correction  was  —  S',  and  the  height  of  the  eye  20  feet :  required  the 
latitude. 

Jbr  the  dMination  at  the  Greenwich  time  of  observation. 


Apparent  time  at  ship,  Juno  18, 
Longitude  96*»  W.  in  time  .    . 

.     12h.    Om. 
6h.  24m. 

Apparent  time  at  Greenwich   . 

.     18h.  24m. 

Sun's  declination  at  noon,  June  18  . 
Gosrection  for  ISh.  24m. 

.     23^  26'  36"  N. 
49" 

Declination  at  time  of  observation  . 

.      23°  26'  26"  X. 
90* 

Oo-deelination         .... 

.      66°  Z2r  36" 

Oheerred  alt.  of  sun's  L.L. 

Index  oer.  —  2'        > 

Dip             -_4'24*(      . 

Semi-cBam.    15' 46'') 

App.  alt  of  centre  .... 

Befraetion  and  parallax  . 

.      s^'se'  0" 

9'  22" 

.        8°  45^  22" 
—  6'  49" 

True  alt.  of  centre  .        -        .        . 
Sun's  co-declination 

8°  39'  33" 
.      66°  33'  35" 

Latitude     . 

.      75°  13'    8"N. 

Xiatllnde  Aroat  a  Star  when  below  the  Pole.— In  northern  latitudes,  the 
star  caUed  the  pole  star  is  very  convenient  for  the  purpose  of  finding  the  latitude  of 
the  ship,  and  is,  therefore,  frequently  observed  by  mariners  for  this  object.  The 
foUowing  is  an  example : 

Bxample.— On  March  Ist,  1823,  the  observed  altitude  of  the  pole  star  when  on  tie 
meridian  below  the  pole,  was  30°  7',  the  index  correction  was  -J-  2*,  and  the  height  of 
the  eye  18  ftet  r  required  the  latitude. 
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Observed  altitude  of  pole  star       .        .        .30'    7'    0" 

Inde: 

Dip 


Index  cor. +  2'        )  , 


30°    4'  49" 
Refraction —  1'  38" 

True  altitude  of  star 30''    3' 11" 

Co-decHnation  Mar.  1,  1823  .        .        .        .      1'  38'    2" 

Latitude 3P4ri3"N. 


Latitude  from  the  Moon  when  below  the  Pole. — The  preliminary  cor- 
rections for  the  moon,  as  already  seen,  are  more  numerous  than  those  for  the  sun  or 
for  a  star;  a  specimen  of  them  is  given  in  example  1  page  104.  These  corrections  are 
of  course  the  same  whether  the  moon  be  observed  on  the  meridian  above  the  pole  or 
below.it.  In  the  following  example  the  moon's  declination  is  found  as  at  the  page 
just  referred  to,  so  that  the  reductions  need  not  be  repeated  here. 

Example.— On  the  27th  of  May,  1846,  in  longitude  49°  "W.,  the  meridian  altitude  of 
the  moon's  lower  limb,  when  below  the  pole,  was  found  to  be  7"*  12',  the  index  correc- 
tion was  —  1'  40",  and  the  height  of  the  eye  20  feet :  required  the  latitude. 

The  moon's  declination  at  the  time  when  the  observation  was  made  was  found  at 
page  104  to  be  18°  55'  28"  N. :  hence  the  operation  for  finding  the  true  altitude  of 
the  moon's  centre,  and  thence  the  latitude  of  the  place  is  as  follows : 

Observed  alt.  of  moon's  L.L.         .        .        .      7"*  12'    0" 
Index  cor.  .      —    1'  40"  \ 

Dip    .    .    .      -   4'24"|                                   +9'12" 
Semi-diam.  ^     x   ,e.  .f.„\ 
augmented)    +1^16)  

App.  alt.  of  centre 7°  21'  12" 

Parallax  and  refraction         .        .        .        .     -)-  47'  31" 

True  alt.  of  moon's  centre     .        .        .        .      8"    8'  43" 
Co-declination 71"    4'  32" 

Latitude 79M3'  15"  N. 


Samples  for  Exercise, 

1.  On  June  28,  1841,  in  longitude  126°  W.,  the  altitude  of  the  sun's  lower  limb  at 
midnight  was  6''  28',  the  index  correction  was  -\-  2'  15",  and  the  height  of  the  eye 
20  feet :  required  the  latitude  to  the  nearest  minute,  the  sun's  declination  at  noon, 
Greenwich  time,  on  the  28th  being  23''  17'  59"  N.  decreasing,  and  his  semi-diameter 
15'  45".  Ans.  LaUtude  73°  19'  N. 

2.  The  observed  altitude  of  the  sun's  lower  limb,  when  on  the  meridian  below  the 
pole  was  7°  5' ;  its  declination  at  the  time  of  observation  was  23*^  8'  17"  N.,  its  semi- 
diameter  15'  45",  and  the  height  of  the  eye  20  feet :  required  the  latitude,  the  index 
error  of  the  instrument  being  0.  Ans.  Latitude  74°  1'  K. 

3.  June  1st,  1823,  the  observed  altitude  of  the  star  Oapella,  when  on  the  meridian 
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below  the  pole  was  10^  1'  30",  its  declination  was  i5^  48'  27"  N.,  and  the  height  of 
the  eye  17  feet :  required  the  latitude.  Ana.  Latitude  54"*  4'  N. 

The  foregoing  examples  exhibit  the  different  means  of  determining  the  latitude  at 

sea  by  taking  the  altitude  of  a  celestial  object  when  upon  the  meridian  of  the  ship. 

Wheneyer  practicable,  the  sun  is  always  the  object  obserTcd ;  and  its  mid-day  altitude 

is  that  which  is  to  be  preferred,  because  at  mid-day  it  attains  the  greatest  elevation, 

and  the  refraction  is  less  liable  to  yariation  from  the  mean  state  of  the  atmosphere. 

The  altitude  below  the  elevated  pole  can  be  taken  only  in  high  latitudes,  where  the 

sun  is  above  the  horizon  during  the  whole  twenty-four  hours  for  a  part  of  the  summer, 

and  therefore  the  horizon^clearly  visible :  the  obscurity  of  the  horizon  often  precludes 

the  possibility  of  accurately  measuring  the  altitude  of  a  star;  and  on  account  of  its 

rapid  change  in  declination,  the  moon  is  less  suited  for  the  purpose  of  deducing  the 

latitude,  when  there  is  much  uncertainty  as  to  the  longitude  of  the  ship,  or  the  time  at 

Greenwich,  when  the  observation  is  made.    In  preparing  for  a  meridian  altitude,  the 

observer  holds  himself  in  readiness,  before  the  object  attains  its  greatest  elevation,  and 

continues  to  observe  it  till  it  ceases  to  rise  and  appears  for  a  moment  stationary ;  at 

this  instant  its  altitude  is  noted,  and  it  is  regarded  as  upon  the  meridian.    Strictly 

speaking,  however— at  least  as  respects  the  sun  and  moon — ^the  centre  of  the  object  is 

not  necessarily  exactly  on  the  meridian  when  its  altitude  is  the  greatest  or  least ;  for 

the  change  in  declination  may  more  than  counterbalance  its  change  in  altitude  during 

the  few  minutes  which  precede  its  meridian  transit,  especially  in  the  case  of  the  moon ; 

but  these  differences  are  too  trifling  to  lead  to  any  error  of  practical  importance.    It 

may,  however,  happen  that  the  object  becomes  hidden  by  a  cloud  at  the  time  of  transit, 

so  that  the  meridian  observation  cannot  be  made :  it  is  of  importance,  therefore,  to 

take  note  of  the  altitudes  before  the  transit,  as  an  altitude  near  the  meridian  may  be 

made  available  for  the  determination  of  the  latitude,  as  we  are  now  about  to  show : 

we  shall  first,  however,  explain  how  to  find  the  latitude  generally  when  the  object 

observed  is  off  the  meridian,  provided  the  hour  angle,  which  its  declination-circle 

makes  with  the  meridian  of  the  ship,  is  known. 

To  find  the  Latitude  from  the  BeoUnation,  Altitade,  4md  Hour 
Angle. — Let  Z  be  the  zenith  and  PMZ  the  celestial  meridian  of  ihe  ship,  P  the 
elevated  pole,  and  S  the  place  of  the  heavenly  body 
off  the  meridian ;    then  PS  is  the  co-declination,  ZS 
the   co-altitude,    and  PZ  the  co-latitude.      In  the 
spherical  triangle  PZS,  there  is  supposed  to  be  known 
the  three  parts,  PS,  ZS,  and  the  hour  angle  P,  which, 
for  the   sun,  is  the  time  from  noon.      Hence,  by 
Spherical  Trigonometry,  PZ  the  co-latitude  may  be  1 
found  (Mathsmatigal  Soiences,  page  411).    But  the 
following  method,  by  right-angled  triangles  only,  will 
be  more  easily  recollected. 

Draw  SM,  perpendicular  to  the  meridian:  we 
shall  then  have  two  right-angled  triangles  PMS  and 
ZMS,  and  applying  Napier's  rules  to  these  (Mathe- 
XAncAL  Sgibncbs,  page  409)  we  have — 

Prom  the  triangle  PMS,  taking  P  for  middle  part,  and  PS,  PM,  for  adjacent  parts, 
CO0  P  =  cot  PS  tan  PM  .-.  tan  PM  =  cos  P  tan  PS        .        .  (1) 
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Alio,  fW)m  tho  same  triangle,  taking  tho  hypotenuse  PS  for  middle  part,  «nd  PM,  BUL, 
fur  opnosito  ptrtt, 

cos  PS  =  cos  PM  cos  SM        .        .     (2) 

Aad  Arom  tlxo  triangle  ZMS,  taking  in  like  manner  the  hypotenuBe  ZB  lor  JBuddle  past, 
and  ZM,  SM  for  ox^posito  parts, 

cosZS^cosZMcosSM  .    <8) 

Thflrafidre  dividing  (2)  by  (8),  in  order  to  get  rid  of  SM,  we  have 

^  if  =  ^  ^iJ  .'.  <w>s  ZM  =  cos  PM  cos  ZS  sec  PS        .        .    (4) 
cosZS      ooa  ZM  ^^ 

As  ZM  is  thus  expressed  in  terms  of  tho  giyen  quantities,  and  as  FM  is  also  in  like 
wannor  known  fit>m  (1),  tho  diffsrenoe  (or  the  ram,  if  M  £bH  between  P  and  Z)  PZ, 
that  is,  the  oo«latitudo  becomes  known. 

The  IbnnubB  (1)  and  (4)  to  be  combined  are 

tan  PM  =  cos  hour  angle    X  cotan  dec  )  /  a  % 
008  ZM  =  cos  PM  sin  alt.  X  eoeee  dec. )  ^^ 

To  know  the  hour-angle  P,  it  is  necessary  to  know  the  time  at  the  ship.  The  chro- 
nomoter  shows  tho  mean  time  at  Greenwidi ;  and  hence,  by  help  of  the  longitude  by 
aooount,  we  may  find  the  mean  time  of  observation  nearly ;  this,  reduced  to  apparent 
times  by  applying  the  oorrection  fbr  the  equation  of  time  taken  from  the  Nautical 
Almanac,  will  make  known  the  time  flrom  apparent  noon  at  the  ship.  The  longitude 
by  account  is,  howeTor,  most  likely  afiected  with  error,  and  it  is  therefore  dedrable 
that  the  altitude  off  the  meridian  be  taken  at  such  a  time  as  that  a  small  error  in  the 
hour  angle  may  have  the  least  influence  on  the  detennination  of  tan  PM.  Kow,  when- 
ever we  have  to  employ  ^  eoeine  of  a  small  angle,  and  have  reason  to  suspect  tbat 
tlie  angle  itaelf  has  not  been  accurately  determined,  the  error  in  the  cosine  wiH  be 
amaUcv  a»  ^e  angle  itai'lf  is  smaller :  1^  the  coaince  of  arcs  near  the  beginning  jof  &e 
quadrant  difl^r  very  little  fttim  one  another  within  the  Hmits  of  several  seconds,  and 
thedM^ioNEiee  becomes  kes  as  the  are  approaches  to  lero  (see  iNTaQDrcnoK,  page  28). 

It  fvvUv^w*,  therx^tv^re,  that  when  the  time  at  the  ship  is  only  approximatdy  faiown, 
tho  altituvlo  shvmld  be  taken  when  the  object  is  as  near  to  the  mezidLan  as  it  ia  likely 
t\*  be  belUrer  being  obscured  by  clouds. 

The  l^nnxUw^  ju9t  e«taKli$hod  i$«  wo  s«h\  generally  applicable^  however  distant  tnm 
tho  moridiau  tho  ob$orvx\l  obj\vt  may  bo«  provided,  wo  know  the  appaicmt  time  at  the 
»h\p ;  and  we  «e<\  aK\  thAt  thoy  may  be  employed  when  the  time  mmrig  is  knova, 
px\^v\ded  xhe  objo^'t  bo  pretty  v-lv>ee  to  the  meridian.  But  fix-  th»  latter  caae  thoie  is  a 
4^^HV\al  mothv^  ;i\^»owhjkt  vkotv'  ^\vnvenxent«  which  may  be  investigated  as  foUowa  :-^ 

Kofernng  ^^  tho  v'^^*^*i))^  dia^rram  we  havx!'^  by  the  fundamental  theotem  ef 
^|<he4n\'>al  lVi|^^)Xvnx\otrv«  xi  huh  ej^pret»i^  the  lelativxns  aawng  the  thm  aid«  and  one 
%x;'  tho  Atv<l^  ^^*  *  ii\>hovioAl  triA^xjclo, 

vN>*  iti^  =:;  vN>*  P j^  e<«  1^  ~  sin  PZ  sin  PS  ess  P 

.^  vN>*  ?S  «  ™  %\>i$  VZ  OCXS  1^ 

;«a  Va  *:n  1*^ 
t  et  5  b^  tho  couith  %\¥»Ax^v  *«^At  6  w\hiM  haw  i^«n  «|^Qn  the  ■■■■"HiMi,  aad  T 
tho  ^xttv^^«u'>o  Kt>jk\sn  thi;j^  txw;id;an  «Kuih  cvit:aaM  attd  tiua  ZS  •dfycibutinea, 
that  U.  W;  i\5>  --^  9  -i  «  ;  th.'^i  tho  e<;xnv4B^  aKvrv  » 

•i*  W  «*  1^ 
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Subtraoting  each  side  from  1,  we  haye 

•o      «    .  ,  1  -n       sin  PZ  sin  P8  -f  cos  PZ  ow  PS  —  cot  (m  4-  ss') 

i-cosP=2smMP= iunrarsTs 

_  cos  (PZ  ^  PS)  —  cos  (g  -f  gp 
""  BinPZsinrS 

Now  PZ  ^  PS,  that  is,  the  difference  between  the  co-latitudo  and  the  co-dedination 
is  egual  to  Z,  the  meridian  zenith  distance,  because  the  co-ktitnde  PZ  is  always  equal 
cither  toTS  +  z,  or  PS  —  g,  or  z  —  PS,  the  latter  bciing  the  case  when  8  is  below 
the  pole  (see  the  diagram  at  page  96).    Consequently 

.      .     cos  z  —  cos  (z  +  z')  cos  z  —  cos  z  cos  z'  +  sin  z  sin  z' 

2  sin  iP  —         sin  PZ  sin  PS       —  sin  PZ  sin  PS 

If  the  difference  z*,  between  the  meridian  zenith  distance  and  that  actually  observed, 
be  80  small  that  cos  z"  may  be  regarded  as  equal  to  1,  tiien  we  idiall  hare 
►  ^   .  «  1  -r^         sin  z  sin  z'  ■ 

.".  sin  z'  =  2  sinPZ  sin  PS  cosec  z  sin*  JP. 
The  v'F^^"'^  ta£  seconds  in  the  arc  z'  is  refrj  nearly  equal  to  the  number  of  times 
sin  z'  contnia  «in  1"  :  consequently, 

2 
S*o.  of  seconds  in  z'  =r  -: — irr  sin  PZ  sin  PS  cosec  z  sin*  ^P 
sin  1 
2 

cos  lat.  cos  dec.  cosec  z  sin^  i  hour  angle. 


sin  1' 

To  apply  this  formula,  we  must  of  x^ourse  know  z,  approyimatftly :  this  is  deduced 
from  the  latitude  Ifj  accoiimt.  By  the  aid  of  this  approximate  latitude  and  the  small 
hour-angle  P,  we  may  therefore  discover  what  correction  z'  must  be  applied  to  the 
zenith  distance  actually  observed  to  reduce  it  to  the  meridian  -zenith  distance,  from 
which  the  corrected  latitude  is  easily  obtained,  as  in  the  examples  already  given. 

A  result  still  more  perfect  may  in  general  be  arrived  at,  by  pfoceediug  anew  with 
this  corrected  latitude,  writing  it  in  the  formula  in  place  of  the  latitude  by  account, 
and  thus  ^;etting  a  more  accurate  correction  for  the  reduction  of  the  observed  to  the 
true  meridian  zenith  distance.  The  additional  work  for  this  purpose  wiU  be  but 
tiijling. 

The  formula  just  deduced,  furnishes  the  following  rule  for  deriving  the  latitude  by 
aid  of  the  latitude  by  account,  and  from  the  observed  altitude  when  near  the  meridian 
uf  a  celestial  object  whose  declinationis  known.    The  niunbcr  5 -615455  is  ih»  logarithm 

sin  r  • 

tatitude  from  an  Altitude  neax  the  Meridian,  the  Declination,  the 
Hour  Angle,  and  the  Latitude  Vj  Account. — Kule  1.  Take  the  declination 
of  the  object  for  the  Greenwich  time  by  account,  and  add  it  to  the  latitude  by  account 
vhen  they  are  of  diflEterent  names ;  otherwise,  take  the  difference  of  the  two :  the  result 
id  the  meridian  zenith  distance  by  account. 

fi.  If  the  object  be  the  sun,  the  apparent  time  from  noon  is  the  hour-angle :  fior  any 
other  otifctf-aAd  the  sun's  right  asoeosion,  to  the  apparent  time  since  preceding  noon. 
The  difference  between  this  sum  and  tiie  object's  right  ascensiooD.  sb  the  hour-angle. 
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3.  Add  together  the  foDowing  logarithnui : — 

The  constant  logarithm  d*615455, 

log  cosine  of  the  latitude  hy  account, 

log  cosine  of  the  declination, 

log  cosecant  of  the  mer.  zenith  dist.,  as  deduced  from  the  two  latter, 

twice  log  sine  of  half  the  hour-angle. 
The  sum,  rejecting  the  tens  from  the  index,  is  the  logarithm  of  a  number  of  seconds, 
which  subtracted  from  the  true  zenith  distance,  deduced  from  the  observation,  giyesthe 
meridian  zenith  distance.    If  this  and  the  dedinatioA  are  of  the  same  name,  their  sum, 
otherwise  their  difference  is  the  latitude,  of  the  same  name  as  the  greater. 

JBxampleM. 
1.  In  latitude  48'  12'  N.  by  account,  when  the  sun's  declination  was  16**  10*  S.,  at 
Oh.  16m.  p.m.,  apparent  time,  the  sun's  true  zenith  distance  was  64"*  40*  N. :  required 
the  latitude. 

Constant  log 


Latitude  by  acct    . 
Declination    . 
.*.  Mer.  zen.  dist  acct. 
Half  hour-angle  in  deg. 


48"  12'  N.  cos 
16°  10'  S.  cos 
64*  22'       cosec 
2°    0'       2  sin 


.  5-615455 
.  9-823821 
.  9-982477 
.  10*044995 
.  17-085638 

log  2-552386 


60)357' 


Reduction   . 

Zen.  dist.  from  observation 

True  mer.  zen.  dist     . 
Declination 


This  example  is  from  Mr.  Riddle's  Treatise  on  Navigation  and  Nautical  Astronomy. 
We  shall  now  solve  it  anew  by  putting  the  latitude  here  deduced  in  place  of  the 
latitude  by  account. 
Constant  log 


64° 

-  5'  57^ 
40'    0" 

N. 

64° 
16° 

34' 
10' 

0" 

N. 
S. 

48° 

24' 

3" 

N. 

Latitude 
Declination 
Mer.  zen.  dist. 
Half  hour-angle 


,             . 

.    48°  24'  3"  N.  cos  . 

. 

16°  10'  0"  S.  cos  . 

t. 

64**  34'  3"        cosec 

gle      . 

.      2°    O'O"        2  sin 

Reduction 


356" 


log 


5-615455 
.  9-822117 

9-982477 
10-044268 
17-085638 

2-549955 


The  difference  between  this  and  the  former  reduction  is  only  2",  so  that  the  cor- 
rected latitude  is  48°  24'  5"  N. 

It  may  here  be  remarked,  that  as  fractions  of  a  second  are  disregarded  in  the 
"  Reduction,"  the  logarithms  used  in  finding  it  need  be  taken  out  of  the  table  only  to 
the  nearest  minute  of  each  of  the  angular  quantities. 
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If  the  formolaB  marked  (A)  at  page  110  be  applied  to  the  preceding  example,  the 
work  will  be  as  follows  :— 

Refening  to  the  diagram  at  page  109,  in  connection  with  the  formulao  (A)  we  haye 


1.  tan  PM  =  cos  hour  ang.  cotan  dec. 
cos  4*"    0*  ....    9-998941 

cotan      16*  10*         ....  10-687768 


tan  PM  7r  47'  46"  ...    «  10-686699 
ZM        64*  36'  20" 


2.  cos  ZM  ^  cos  PM  cosoc  dec.  sin  alt 
cos  73- 47' 45"     .    .     .    9446699 

cosec        16*  10'  ...  10-666280 

sin  26*20*  ...    9*631326 


cos  ZM    64*  36'  20"     ...    9-632306 


138"*  24'    6"  =s  90*  -I-  latitude,  since  lat.  and  dec.  hare  different  natnes. 
90* 


48*  24'    6"  z=  latitude  N.,  the  same  as  before. 


In  this  example  the  latitude  is  north,  and  the  declination  south,  so  that  PM,  in  the 
general  inyestigation  of  the  formulao,  is  in  this  particular  case  FM,  and  therefore 
PM  -{-  ZM  —  90*  is  the  distance  of  Z  aboYO  the  equinoctial,  that  is,  it  is  the  latitude 
of  the  ship. 

In  finding  the  latitude  by  the  aboye  formula  (A),  it  is  of  course  necessary  to 
ascertain  on  which  side  of  Z  the  foot  M  of  the  perpendicular  from  S  falls,  that  is, 
whether  ZM  is  to  be  added  to  or  subtracted  from  PM ;  but  whether  the  correct  co-lati- 
tode  is  PM  —  ZM  or  PM  +  ZM,  can  be  matter  of  doubt  only  when  ZM  is  so  small  as 
to  make  it  of  little  consequence  which  be  taken.  But  as  the  method  by  the  rule  is  free 
from  all  ambiguity,  it  is  to  be  preferred  when  the  object  is  near  the  meridian. 

2.  In  latitude  60*  60*  N;  by  account,  when  the  sun's  declination  was  11*  41'  68"  N. 
at  12m.  3s.  froin  apparent  noon,  the  sun's  true  altitude  was  60*  62*  29' :  required  the 
latitude.  Ans.  Latitude  60*  47'  49"  N. 

3.  At  3h.  6m.  36s;  apparent  time,  the  sun's  true  altitude  was  36*  4'  7",  and  his 
declination  10*  64'  26"  N. :  required  the  latitude  from  the  formulaB  (A). 

Ans.  Latitude  60*  48'  2r  N. 

4.  At  18m.  46s.  from  a^arent  noon  in  latitude  8*  S.  by  account,  the  sun's  true 
altitude  was  74**  16',  and  his  declination  23*  27'  S. :  required  the  latitude  to  the  nearest 
minute.  Ans.  Latitude  8*  23'  S. 

6.  In  longitude  0*  46'  W.,  at  llh.  2m.  328.  apparent  time,  the  obserred  altitude  of 
the  pole  star  was  61*  22',  the  index  correction  being  —  2'.  For  apparent  noon  at 
Greenwich,  on  the  day  of  obseryation,  the  Nautical  Almanac  gave  the  following 
partionlBrs  :— 

Son's  right  ascension,  6h.'61m.  11^8. 
Stains  ti^t  ascension,  Ih.  Im.  41s. 
Star's  dedination  88*  26' 66% 
Required  the  latitude  to  the  nearest  minute  by  the  formulaB  (A); 

Ans.  Latitude  61*  47'  N, 


Artificial  Boiisoii. — ^The  problem  just  discussed  will  be  found  yery  useful  at 
sea  wheneyer  the  mariner,  on  account  of  cloudy  weather  coining  on  near  noon,  is 
disappointed  of  a  meridian  altitude.  As  the  object  may  be  obscured  though  the 
horizon  may  be  dear  and  well  defined,  so  on  the  other  hand  the  celestial  body  may  be 
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yiflible  and  in  a  position  well  taited  for  obscrration,  and  yet  a  haze  may  obscure  the 
horizon.  In  such  a  case  an  artificial  horizon  is  employed  :  this  is  a  (Aaliow  trougli  of 
quicksilyer,  protected  from  agitation  from  the  air  by  a  glass  coyering  or  roof. 

The  observer,  placing  himself  at  a  convenient  distance  from  this  horizom,  so  that 
both  the  celestial  object  and  its  reflected  image  may  be  distinctly  seen,  measures  with 
big  sextant  the  angular  distance  between  the  two ;  and  as  the  real  object  is  -as  much 
aboTO  the  horizontal  plane  as  the  image  is  below  it,  he  thus  gets  double  the  altitude, 
and  has  no  correction  to  make  for  dip :  the  ang^  read  off  from  the  instrument,  being 
corrected  for.  the  inde^^eiror  and  divided  by  2,  gives  the  apparent  altitude  of  the  point 
observed. 

To  get  a  meridian  altitude  of  the  sun  is  one  of  the  principal  items  in  a  "  day's 
work"  at  sea,  for  corriscting  the  latitude  by  the  dead  reckoning ;  if  the  weather  inter- 
fere with  this  operation,  then  an  observation  off  the  meridian  is  sought  for,  and  the 
latitude  inferred  by  help  of  the  a^^enfc  time  at  the  ship,  as  explained  in  the  pre- 
ceding article.  The  reader  will  bear  in  remembrance  that  a  ship  carries  the  mean 
time  at  Greenwich  with  her :  the  ship's  chronometer,  when  the  known  daily  gain  or 
loss  is  applied  to  it,  su^ies  thU  important  information.  The  apparttU  time  is  deduced 
therefrom  by  means  of  the  equation  of  time  given  in  the  Nautieal  Almanae,  -and  the 
apparent  time  at  the  ship  is  ascertained  by  turning  the  longitude  into  time  ;  tud  thtto 
the  hour-angle  of  the  object  observed  from  the  meridian  is  found.  The  kmgitude  by 
account  may  be  scmiewhat  in  error ;  but  the  trifling  inaccuracy  in  the  resulting  time 
at  the  ship  will  have  no  important  influence  on  the  latitude  deduced  frem  it. 

But  valuable  as  the  chronometer  is,  yet,  like  all  human  contrivances,  it  is  aubje^ 
to  accidents  aed  exposed  to  derangements  from  circumstanoes  beyond  our  oontzoL  It 
is  of  great  importance,  therefore,  to  be  able  to  And  the  position  of  a  i^ip  at  sea  inde- 
pendently of  its  ud :  this  we  have  seen,  as  far  as  laUtude  is  ooncenied,  may  be  done 
by  means  of  meridian  altitudes.  It  may  also  be  done  by  aid  of  tu»  altitudes,  of  the 
same  celestial  object  taken  off  the  meridian.  This  is  technically  called  the  problem.  <rf 
dottle  aititttdet :  we  proceed  now  to  investigate  its  pfin(H]^es. 

Latitnde  ftom  Two  AltituAes  of  the  Shu,  and  the  Time  betweea  the 
Ohsezwatioiifl. — Scarcely  any  problem  in  nautical  astronomy  has  received  more 
attention  from  scientific  men  than  the  problem  of  double  oUitudeB ;  and,  as  ihe  calcu- 
lations involved  in  it  are  much  longer  than  those  for  finding  the  latitude  from  a  smjj^e 
altitude,  various  tables  to  facilitate  the  operations  have  been  constructed.  The  deter- 
mination of  the  latitude,  by  help  of  snch  tables,  is  what  is  called  the  indfrecf  method 
of  solution ;  and,  like  all  such  methods,  it  is  not  so  strictly  oorrect  as  the  direct  method 
by  trigonometry.  Delambre  carefully  examined  all  the  rules  he  was  acquainted  with 
for  the  solution  of  the  present  problem,  and  he  came  to  the  conclusion  that  the  rigorota 
process  by  spherical  trigonometry  was  to  be  preferred,  as  well  for  brevity  as  for  accu- 
racy of  result.    The  investigation  of  the  direct  method  is  as  tbUows : — 

Let  P  be  the  elevated  pole,  Z  the  zenith  of  the  ship,  and  therefore  IT  P  its  co-lati- 
tude.   Let  S,  S'  be  the  two  places  of  the  snn  when  the  altitudes  are  taken ;  then 
drawing  the  great  circle  arcs,  as  in  the  annexed  diagram,  or  in  that  at  page  109,  we 
shall  have  the  following  quantities  given,  namely,— 
The  co-declinations  PS,  PS' ) 
The  co-altitudes  .  .  ZS,  ZS*  V  To  find  ZP. 
The  hour-angle  .  .  SPS'     ) 
There  are  three  tpherieal  triangles  to  consider,  namely— 
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1.  The  triangle  PSS',  in  which,  are  giyeii  the  two  tides  PS,  PS%  and  their  ineludod 
angle,  to  find  the  third  side  SS',  and  ane  of  the 
remaining  angles,  as,  fer  instance,  the  angle  P3S\ 

2.  The  triangle  ZSS',  in  which  are  given  the 
th^  Mdee,  to  find  the  angle  WSZ ;  fkt>m  whidi,  and 
the  previoosly-fonnd  angle  PSS',  the  angle  2SP 
YMfomes  kiown,  so  that  ire  Iuhpo, 

3.  The  triangle  ZSP,  ia  wMch  are  given  two 
sides  and  their  included  angle,  to  find  the  third 
side  ZP. 

Before  proceeding  to  the  solution  of  these  trian- 
gles, the  observed  altitudes  must  of  course  be  reduced 
to  the  true  altitudes,  as  in  Ike  former  examples  ;■  and 
since  the  ship  most  probably  sails  on  during  the 
interval  between  the  two  observations,  an  additional  correction  beoomes  necessary,  in 
order  to  reduoe  tiie  first  altitude  to  what  it  would  have  been  if  taken  at  the  place 
of  the  second  observation.  This  correction  for  the  ship's  run  will  become  known, 
provided  we  know  the  number  of  minutes  the  ship  has  sailed  directly  towards  or 
directly  from  the  sun  in  the  time  between  the  two  observations ;  and  they  may  be 
ascertained  as  follows  : — 

Take  the  angle  included  between  the  ship's  course  and  the  sun's  bearing  at  the 
first  observation ;  and  considering  this  angle  as  a  course,  and  fhe  distance  sailed  as  the 
corresponding  distance,  And  by  the  traverae  table,  or  by  cakulation,  as  in  plane 
sailing,  the  difference  of  latitude ;  this  difference  of  latitude,  expressed  in  minutes, 
will  be  the  number  of  niinutes  by  whie&  the  ship  has  approaohed  to  or  receded  from 
the  sun,  so  that  we  shall  know  how  many  minutes  must  bo  added  to  or  subtracted 
from  the  first  aWatnde  to  reduce  it  to  what  it  would  have  been  if  taken  by  another 
observer  at  the  place  of  the  second  observation. . 

If  the  angle  between  the  ship's  track  and  the  bearing  of  the  sun  be  less  than  90°, 
the  ship  will  obviously  be  approaching  towards  the  sun,  in  which  case  the  correction 
of  the  altitude,  determined  as  abore^  must  be  added ;  but  if  the  angle  exceed  90°,  it 
must  be  subtracted :  if  it  be  exactly  90°  no  correction  of  the  altitude  will  be  necesary 
for  the  ship's  change  of  place. 

But  a  correction  of  tJie  elapsed  time  may  be  requisite  for  the  change  of  longitude  ; 
this  change,  converted  iftto  time,  must  be  added  to  the  elapsed  time  between  the  two 
observations,  if  the  ship  have  sailed  eastward,  and  subtracted  if  she  have  sailed 
▼estward. 

These  are  the  corrections  necessary  to  fit  the  three  triangles  above  for  trigonome- 
trical calculation*  Jknd  to  simplify  the  work  of  finding  SS',  without  any  material 
sacrifice  of  accua^f,  ▼«  may  regard  the  declinations  of  th^  sun  at  the  times  of  obser- 
vation, as  both  eiga»i.  to  the  declination  it  has  at  the  middle  time  between  them ;  the 
shorter  this  time  is,  tiie  less  will  the  supposition  aficct  the  precision  of  the  result. 

Eegaiding  the  above  mentioned  corrections  to  have  been  made,  we  shall  now  give 
an  example  of  the  trigonometrical  operation. 

Examples. 

The  two  corrected  zenith  distances  are, 

ZS  =  73°  54'  13",  and  ZS^  =  47°  42'  51", 
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the  corresponding  co-declinationfl  of  the  sim  are 

PS  =  81"  42'  N.,  and  PS'  =  SI**  45'  N., 
and  the  intenral  of  time  between  the  obfezrations  is  three  hoars:  required  the 
latitude. 

For  the  more  .easy  determination  of  SS',  let  it  be  regarded  as  the  base  of  an  isosceles 
spherical  triangle,  of  which  each  of  the  equal  sides  is  |(PS  -f  PS^  =  81''  43'  30",  the 
Ycrtical  angle  at  P  being  3h.  or  45*^ ;  then  if  the  perpendicular  PM  be  drawn,  the 
triangle  PMS  will  be  right-angled,  and  we  shall  have  given 

PS  =  8r  43'  30"  and  P  =  ^=:  22^  30' 

to  find  SM  =  i  SS'  as  follows.— 

1.  In  the  trumgU  PMS  to  find  SM. 

sin  PS,     81»  43'  30"  ....        9-9964647 

sinP,       22^30'    0"  ....        9-6828397 


sin  SM,    22»  16'  ll"-3        ....        9-6782944 
2  '  


S'  =  44"  30'  22"-6 


2.  In  the  triangle  PSS'  to  find  the  angle  PSS'. 

sin  SS',       44*  30'  22*-6        Arith.  Comp.      -1542898 
sin  PS',      81M6'    0"  „        „         9-9964822 

sinSPS'     45'*    0'    0"  „        „         9-8494860 


sin  PSS'     86°  88'  68"  „        „        9'9992670 


'    3;'  In  the  triangle  ZSS'  tojind  the  angle  ZSS'. 

ZS',       47'  46'  61" 
sin  ZS',       73''  64'  13"         Arith.  Comp.      •0173686 
Bin  SS',       44*  30'  22"-6      Arith.  Comp.      •1542898 

;2)166M0'26"-6 

i  sum  =  83°    6'  13"-3 
sin  (J  sum  —  ZS),     9*11'    0"-3        .        .        .      9*2030206 
sin  (J  sum  —  SS'),  38°  34'  60"-7        .        .        .      9-7949179 


2)19-1696969 


sin  (J  ZSS',       22°36'26"-4        .        .        .      9-6847985 

.•.  ZSS'  =  46°  12'  62"-8  

PSS'  =  86°  38'  68" 


/.  PSZ'  =  41*  26'    6"'2 
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4.  In  the  triangU  ZSP  to  find  ZP.    (See  the  inyestigation  below). 

con  PS 1 

Bin  M  Ar.  Comp 

Bin  (»  +  ZS) 9-9982874 

sin  ZP,  48*  49' 59."7  .     .     .    9*8766779 


tan  PS,  81*"  42'    0"      •    .     10*8359917     con  PS 91594354 

COB  PSZ,  41*'  26'    5"-2    •    .      98748930     Bin  m  At.  Comp -7189551 


cot ««,  11'    0'  41"-2    .    .    10-7108847 
Z8=78»  64'  13" 


«+ZS=84*'54'54"-2 


Hence  the  latitude  is    48''250' 


As  ZP  iB  here  found  by  a  method  not  always  given  in  works  on  Spherical  Trigono- 
metry, we  shall  subjoin  the  inyestigation  of  it.  ,  Representing,  as  usual,  the  three 
sides  of  a  spherical  triangle  by  a,  6,  e,  and  the  angle  included  by  the  first  two  by  C, 
we  have,  by  the  fundamental  formula  of  Spherical  Trigonometry  (Mathematical 
Sciences,  p.  408), 

cos  0  =  cos  a  cos  d  +  sin  a  sin  &  cos  C. 

.^      .         .  sin  a  , 

Or,  smce  sin  a  ==  cos  a =  cos  a  tan  a, 

cos  a  ' 

cos  c  =  cos  a  (cos  b  •\-  tan  a  sin  ^  cos  C). 
Put  cot  w  for  tan  a  cos  C,  that  is,  let 

ton  a  cos  C  =s  cot  w  =  -: — (I) 

sm  w  ^  ' 

Then  we  shall  have 

sin  w  cos  3  -4-  sin  &  cos  ta 

cos  «  =  cos  a r-^ 

sm  w 

^,    .  .  cos  a  sin  (w  4-  M  ,_. 

that  18,  cos  «  = .    ^      ' — - (2) 

'  sin  w  ^  ' 

The  expressions  (1)  and  (2)  are  those  calculated  above.  In  the  pro  .eding  solution 
more  attention  is  paid  to  minute  quantities  than  is  at  all  necessary  in  actual  practice  at 
sea,  where  fractions  of  a  second  are  of  course  disregarded.  Yet  in  lengthy  operations 
seconds  themselves  ought  not  to  be  entirely  neglected,  except  in  those  confessedly 
approximative  methods  which  the  indirect  processes,  by  peculiar  tables,  generally  are. 
The  only  departure  from  strict  mathematical  rigour  in  the  foregoing  work  is  in  the 
first  part  of  it,  where  the  arc  SS'  is  supposed  to  be  equal  to  an  arc  subtending  the  same 
angle  at  P,  the  sides  of  this  angle  being  the  mean  between  the  two  slightly  differing 
oo-declinations  PS,  PS'.  It  is  plain,  from  the  small  amount  of  this  difference,  that  the 
fictitious  arc  cannot  vary  in  length  fr^m  the  real  arc  SS'  by  a  quantity  deserving  of 
any  consideration,  when  the  time  between  the  observations  is  not  unreasonably  great 

By  any  one  familiar  with  the  practical  solution  of  spherical  triangles,  the  method 
here  illustrated  will  be  preferred  to  the  indirect  methods  adverted  to  above,  for  the 
operation,  though  rather  long,  lays  no  burden  upon  the  memory,  and  is  moreover  free 
from  the  Inaccuracies — small  inaccuracies  no  doubt — ^which  indirect  methods  are  always 
affected  with.  A  distinguished  practical  navigator,  Captain  Kater,  after  the  example 
of  Delambre,  gives  the  preference  to  the  direct  process  :  the  preceding  exercise  is  taken 
from  the  former  writer ;  but  the  latter  part  of  the  solution  is  conducted  differently. 

2.  On  the  7th  of  February,  1846,  in  latitude  by  account  35°  N.  and  longitude 
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47°  W.,  at  8h.  9m.  48.  SM,  mean  time,  the  altitude  of  the  suxl's  lower  limb  was 
36°  10',  and  his  bearing  S.  J  E. :  after  running  N.E.  27  miles,  the  altitude  of  the 
kfwwlimb  at  llh.  30m.  18s.  was  obserred  to  be4t*  20,  {  the  height  of  the  eye  was 
W  feet :'  required  the  latitude  of  the  ship  when  the  second  observation  was  laASe, 


r  declination 
From  the.Naut.  Aim.  ]  Feb.  7  at  noon  W  19'  32"  S. 
(    „     8    .     .    .  15°    0'40"S. 


Semi-diam.  1^'  14'. 


1.  For  ifhe  true  altitudes  of  sun* s  centre. 


First  alt.  sun's  JUL.  . 
Dip  .  .  —  4'  24'  ) 
Semi-dL        16'  14i"  > 


36^10'    0" 
+  11'  50- 


App.  alt 36°  21' 50" 

Refraction  and  par.     ...      —    1'  10" 


True  altitude 


'  20'  40" 


Second  alt*  Bunfs  LX. 
Dip  and  semi^dianu    . 


Apparent  alt.    .    . 
Kefraction  and  par. 

True  altitudie    .     . 


41*  20*    0" 
HrlFSO" 


41=- 31' 60' 
—  58" 


41°  30'  52" 


The  angle  between  Ifce  sun's  bearing  S.  J  E.  and  the  course  N.E.  is  llj  points,  so 
that  the  ship  has  sailed  -viithin  4|  points  of  the  direction  oppoeite  to  the  snn^  &  dis- 
tance of  27  miles.  [With  this  distance  and  4J  points  as  a  course,  the  Traverse  Table 
gives  18'  for  the  corresponding  difference  of  latitude,  w^ch  is  the  number  of  minutes 
the  ship  has  receded  from  the  sun  during  the  interval  of  the  observationB ;  hence  these 
18'  must  be  subtracted  from  the  first  true  altitude  to  reduce  it  to  what  it  would  have 
been  if  taken  by  another  observer  at  the  place  of  the  second  observation ;  consequently 
the  true  altitudes  at  this  second  place,  taken  at  the  stated  times,  are 

36°  2' 40"  and  41°  30' 52" 
.-.  ZS  =  53°  57'  20"  and  ZS'  =  48^  29'  a". 

2.  .For  <Atf  «o*<Mm«/Mf»  PS,,  PS'. 


Ship^a  time  Feb.  6   .    20h. 
Long,  in  time      .    .      3h. 

9m.    48. 
8m.    Os.  W. 

Ship's  time  Feb.  6    .    . 
Long,  in  time  .... 

Chr.timeFeK7    .    .    . 

Bee.  Feb.  7     15^9' 32" 
1'58" 

23h. 
3h. 

30m.  I?3. 
8m.    Os. 

Time  at  Greenwvsh  .    23h. 

17».    48. 

21k. 

3»m.  188. 

Dec.  Feb.  6    15.^38'  9" 
17' 49" 

var.  — -  46"-5 
23 

1395 
930 

var. 

-47"-2 
2i 

DecEnation    15'20'20"S. 

Declination      IS''  17'  34" 
90^ 

944 
236 

PS  =  105' 20' 20" 

6)106-95 
17-82 

PS'  =  105^  17'  34" 

6>U-80 

1-97 

Th^  deeiBud  part  of  the  nmuitesi  in  the  oorreotiGa  fer  dselination,  U  reduced  to<  aeoeods 
by  npultiplying  by  90. 
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lie  ' 

3.  For  the  tmgU  8P8'. 

IKme  of  first  obsdirvation    .      8h.    9m.    48.      3h.     =45" 
„       second                  .     llh.  30m.  ISa.    21to.*  =  5M5' 

30" 

' 

latcrraloftime                  .      3h.  21m.  14s.    14^.      —          3' 

.-.  tlie  angle  SPS',  in  degrees,  =  60'  18'  30" 

ce   in   the   isosceles   triangle   FMS  we   have   for   eaoH   of  the  equal   sides 
J  +  PS*)  =  10«^  18'  67",  and  for  half  the  yertlcal  angle  26*  9'  15". 


sin  PS, 
«aP, 

1.  //» ike  tnangU  PM8  tojimd  SM. 
106»2*'20"      .... 

24Mr  58"      .        .        .        .        . 
2 

.    9-984347» 
9^2^4464 

dnSM; 

9-612693a 

SS' 

ar  48*  23'  66" 

2.  In  the  triangle  PSS*  toftnd  tlte  angle  TSS', 

sinSS',    48^23'6C"    jlxith,  Comp,      '1262231 

sia  PS',  105°  17' 34"         „  „        9-9843431 

sinSPS^    60**  18' 30"         „  „        9-8862044 


sxnPSer,    83»    ri7"         „  „        9-9967706 


3.  J^  M«  irimigh  Z8&,JM  ih$  mgh  280.'. 

ZS*,  48*29*    8" 
sinZS,   53°  5r  20"    Arith.  Comp.     -0922666 
Bin  SS*,  48*  23'  ^^    Arith.  Comp.     *1262230 


2)160''  60'  24" 

i  sum  =    75'  25'  12" 
.«n(i«wn  — ZS)^   3l'»2r52r        „•     „        9^5«a3906 
sin(}8um— SS'),    27^    1' 16"        „        „        »"667S607 

2)19-4392309 


BinJZSS'       3r3r2r        „        ,.        9-7196154 


ZSS'  =  63**  14'  54" 

pss'  =  8y  rir 


.-.  PSZ  =  19^  46'  23" 


«i2«,  if  seconds  be  the  diyidend. 
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4.  In  the  triangle  ZSP,  toJindZ?, 

tan  PS  lOS*' 20' 20"    .     10-5617760      cos  PS    .        .  .  .  9-4226245 

cos  PSZ     19°  46'  23"     .      9-9736081      sin  w,  Ar.  Comp.  .  .  -5530929 

'■ sin  (w,  +  ZS)  .  .  .  9-7864647 

cot »    16°  15'    2"     .     10-5353841  ^  '  ^      '  

sin  ZP,'35°  20'  .  .  9-7621821 


ZS  =  53°  57'  20" 


w  +  ZS  =  37°  42'  18"  Hence  the  latitude  is  35°  20'  N. 

Note.  It  inay  happen,  in  low  latitudes,  that  the  arc  SS',  if  prolonged,  would  cut 
the  meridian  PZ  between  P  and  Z,  in  which  case  the  angle  PSZ  will  not  be  the 
difference  between  the  angles  PSS',  ZSS' ;  and  the  sum  of  these  angles  must  be  taken 
instead.  In  cases  of  doubt,  therefore,  the  last  portion  of  the  work  should  be  modified  on 
this  second  supposition,  and  that  one  of  the  two  resulting  latitudes  taken  which  best 
agrees  with  the  latitude  by  account.    (See  the  diagram,  page  109). 

It  may  be  also  noticed  that[the  error  of  a  few  minutes  in  the  estimated  mean  time 
at  the  ship  wiU  be  of  no  consequence  in  deducing  the  declination ;  but  as  an  error  in 
the  elapsed  time,  and  therefore,  in  the  corresponding  polar  angle,  is  to  be  avoided,  the 
elapsed  time  should  be  taken  from  the  chronometer,  or  a  good  watch. 

3.  The  two  corrected  altitudes'of  the  sun  are  42°  14'  and  16°  5'  47" ;  the  coires- 
ponding  declinations  are  8°  16'  30"  N.,  and  8°  15'  K.,  and  the  time  between  the 
observations  is  three  hotirs':  required  the  latitude*of  the  place. 

Ans.    Latitude  48*  54'  27"  N. 

4.  The  two  corrected  zenith  (distances  are  54°  39'  and  19°  59' ;  the  corresponding 
declinations  are  5°  31'  6"  S.  and  5°  28'  54"  S.,  and  the  interval  of  time  2h.  20m.: 
required  the  N.  latitude.  Ans.    Latitude  1°  29'  28"  N. 

5.  In  latitude  29°  10'  S.^by  account,  and  longitude  124°  W.,  the  sun  being  ob- 
scured at  noon,  its  altitude  was  taken  at  about  20m.  past  noon,  the  chronometer  at 
the  time  showing  9h.  49m.  20s. :  at  lOh.  44m.  45s.,  by  the  same  chronometer,  the 
altitude  was  again  taken-B^In  the  first  observation  the  altitude  of  the  upper  limb  was 
found  to  be  45°  33' ;  in  the  second  the  altitude  of  the  lower  limb  was  42°  8'  30",  at 
which  second  observation  the  sun  bore  N.  J  E.  The  ship's  course  between  the  ob- 
servations was  N.W.  fW.,  andjher  run  6  miles ;  the  allowance  for  dip  was  —  4'  30", 
and  the  Nautical  Almanac  gave  the  following,  particulars  for  noon  of  the  day  at 
Greenwich: — 

Sun's  declination  from  Naut.  Aim.  16°  34'  4"  N. ,  hourly  var.  42"-8. 
Semi-diameter  from  ditto,  15'  52". 
Keqnired  the  latitude  of  the  ship  when  the  greater  altitude  was  taken. 

Ans.  Latitude  28°  0'  S. 
Note. — ^When,  as  in  this  last  example,  the  latitude  at  the  first  observation  is  to  be 
found,  and  the  sun's  bearing  isftaken  at  the  second  observation,  the  point  opposite  to 
that  of  the  ship's  course  fromlthe  first  position,  is  to  be  used  in  reducing  the  second 
altitude  to  what  it  would  have  been  if  taken  at  the  first  position  of  the  ship. 

If  the  sun's  true  bearing,  or  azimuthy  could  be  taken  with  precision  at  either  place 
of  observation,  there  would  [be  no  necessity  for  a  second  altitude,  because  in  the 
spherical  triangle  ZPS,  formed  |by  the  co-latitude  ZP,  the  co-declination  PS,  and  the 
co-altitude  ZS,  the  angle  Z  would  then  be  given ;  and  this,  together  with  ZS  and  PS, 
is  sufficient  for  the  determination  of  ZP. 
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It  is  more  oonvenient  to  observe  the  bearing  when  the  sun  is  low  than  when  it  is 
high,  and  the  result  can  be  the  better  depended  upon ;  therefore,  in  the  problem  of 
double  altitudes,  the  bearing  of  the  sun  is  always  taken  when  the  less  of  the  two 
altitudes  is  taken. 

The  method  of  finding  the  latitude  here  explained  may  of  course  be  applied  to  a 
star  as  well  as  to  the  sun,  the  interval  between  the  observations  being  expressed  in 
sidereal  instead  of  in  solar  time ;  but  as  in  general  the  horizon  increases  in  obscurity 
as  the  star  becomes  more  clearly  visible,  two  observations  of  a  star,  with  a  sufficient 
interval  of  time  between  them,  can  seldom  be  accurately  made.  The  following,  there- 
fore, is  a  more  suitable  problem  for  the  purpose  in  view. 

latitude  from  the  Altitudes  of  two  Fixed  Stan  observed  at  the  same 
time. — There  are  two  advantages  connected  with  this  method  of  deducing  the  lati- 
tude :  the  first  is,  that  as  no  allowance  is  to  be  made  for  change  of  place  in  the  ship 
all  error  arising  from  inaccuracies  in  the  sun's  bearing,  and  the  coiirse  and  distance 
steered,  is  avoided ;  the  second  is,  that  the  risk  of  losing  another  observation,  from 
unfavourable  weather,  is  not  incurred  when  both  observations  are  made  at  the  same 
time. 

When  the  altitudes  of  the  two  stars  are  to  be  token  by  one  person,  the  mode  of 
proceeding  is  this :— The  altitude  of  one  star  is  taken,  and  the  time  by  the  watch 
noted ;  the  altitude  of  the  other  star  is  then  taken,  and  the  time  noted ;  after  a  short 
interval,  the  altitude  of  the  second  star  is  again  taken,  and  the  time  noted.  Thus  the 
change  of  altitude  of  the  second  star,  in  a  known  interval  of  time,  will  be  found ;  and 
therefore  the  correction  for  the  time  when  the  first  star  was  observed  may  be  found  by 
propo]:tion» 

As  to  the  principles  of  solution,  they  are  the  same  as  in  the  former  problem  :  the 
co-declinotions  or  polar  distances  PS,  PS'  of  the  two  stars  are  given ;  the  angle  P 
between  these  is  also  given,  this  angle  in  time  being  the  difference  of  the  right 
ascensions  of  the  two  stars.  We  may  hence  compute  the  third  side  SS'  of  the  spherical 
triangle.  As  the  co-dedinations  may  differ  considerably,  this  third  side  must  not  be 
calculated  on  the  supposition  that  the  mean  of  the  co-deolinations  may  be  taken  for 
each  of  the  other  two  sides.  It  must  be  found,  from  the  distinct  co-declinations  them- 
selves.   The  remaining  part  of  the  operation  is  the  same  as  in  the  former  problem. 


1.  In  north  latitude  52'^  30'  by  account,  the  corrected  senith  distances  of  CapeUa 
and  Siiios  were  as  follows : — 

Cspella,    ZS=29M4'24".  Sirius,      ZS'=    72*»  5' 48". 

Pol.  dist,  PS  =  ^i**  11'  39".  Pol.  dist.,  PS'  =  106»  28'  40". 

Difference  of  the  two  right  ascensions,  Ih.  33m.  45s.  =  23°  26'  11"  =  P :  required 
the  latitude  of  the  ship. 

1.  In  the  triangle  SPS'  tojind  SS'. 
tan  PS,  44'  11'  39"  .  .  .  9-9877822        cos  PS  9-8556080 

cos  Py    23"  26'  11"  .  .  .  9-9626072        sin  w  Ar.  Comp.     1271225 

sin(«-t-PS')     9-6300961 

cot  »,      48"  15'  56"  .  .  .  9-9503894  

lOe**  28'  40"  '  cos  SS',  OS"*  47'  55"  9-6127266 


»+ PS' =164"  44' 
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.  2.  In  the  triangle  PSS'  to  find  the  angle  PSS'. 
sm  SS',      eS^*  47'  55"  Arith.  Comp.      -0399527 

sin  PS',    106^  28' 40"  „  9-9817868 

siaSPS',    23'*26'11"  „  9*5995891 


Bin  PSS',    24M3'    3^  „  9-621328« 


3.  In  the  triaugU  ZSS'  iojliid  Oe  amgU  ZSS'. 
ZS'=:72''    5' 48" 
din  ZS  =  29^  14'  24"       AriUi.  Comp.     -3111631 
Bin  SS'  =  65'  47'  54"*     Arith.  Comp.     -0399536 

2)167°    8'    6" 

• 

i  8Uia=88'*34'    3" 
sinCJsuai  — ZS)  =  64°19'39"  „         „       9-90975d4 

sin  (i  sum  —  SS')  z=  17"  46'    9"  „         „        9-4845601 


2)19-7454272 


8ini|ZSS'  =  48M4'29"  „         „       9-8727136 

.\  ZSS'rr  96°  28'  58")  ,   ^      ^^  ^     

PSS'  =  24M3'  8"|tol»eadd*d 


121«  12'  1"  supplement  =  58^  47'  59"j=  PSar. 

In  tU  triangle  ZSP  tojind  ZP. 
tau  PS,    44'  11'  39"  .  .  .  99877822        cos  PS  9*8555080 

cosPSZ,  58M7'59"  .  .  .  9*7143559        sin  «Ar.  Comp.  -0490919 

sin  («  +  ZS)    9'999583a 

cot  »,        63'  W    3"  .  .  .  9*7021381 


ZS  =       29'  14'  24"  .  .  .  sin  ZP,  53'  19'  23"  9904182ft 

(a  +  ZS)  =  92°  30'  27"  Hence  the  latitude  is  53°  19'  23"  N. 

In  connexion  with  the  foregoing  method  of  solving  the  problem  d£  demMe  altitHdM^ 
there  are  some  points  of  theoretioal  interest  to  which  the  learner  should  attend.  In 
the  second  step  of  the  work  the  object  is  to  find  the  angle  PSS*;  the  operation 
conducts  us  to  the  » me  of  l&is  angle,  and  as  the  angle  answering  to  a  given  cdne  wsf 
be  either  acute  or  obtuse,  we  have  no  right,  independently  of  controlling  coxtditfoiu^' 
to  assume  it  to  be  the  one  any  more  than  the  other. 

In  the  example  just  solved,  we  have  arbitrarily  taken  it  to  be  acute,  simply  for 
convenience,  without  examining  into  any  overruling  circumstances.  Now,  in  the 
present  problem  we  may  always  take  a  similar  liberty ;  for  although  the  proper  angle 
may  really  be  the  supplement  of  that  we  put  down,  the  subsequent  step  will  not  be 

*  A  second  is  deducted  from  this  arc,  in  order  that  there  may  be  an  even  number  of  seconds  in 
the  sum  of  the  three,  so  as  that,  in  taking  the  half,  fractions  of  a  seeond  majrbe  avoided;  the 
omission  of  a  second  can  have  no  sensible  influence  on  the  result. 
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affected  bj  thif  eirmmatanet :  tho  angle  PSZ,  which  it  i«  tbe  object  of  that  step  to 
find,  will  still  be  the  sum  or  difFerencc  of  ZSS',  PSS'  or  tho  supplexnent  of  the  sum. 

Bat  it  is  wcU  to  ihow  how  aU  doubt  respecting  the  species  of  the  angle  PSS'  may 
beaToided. 

Tke  ftmdarnftal  flamala  of  ipberieal  trigonomfltry,  api^ed  to  the  tiiaagie  PSS', 
gives 

•noQ,       csos  PS'  —  COS  PS  coa  SS' 

cos  xTSS   =    : — f^Q    . — ^rrr, 

Bin  PS  SlU  bb 

and  as  it  is  matter  of  indifference  which  of  the  two  stwES,  or  which  of  the  two  plaoei  of 
the  sun  \(9  mark  S  or  S',  we  may  always  consider,  in  this  formula,  that  eos  PS'  is 
Mtmerieally.  gr$ai$r  than  cos  PS,  in  which  case  the  numerator  of  the  above  fraction, 
and  con«<|Ketttly  the  fraction  itself  (since  its  denominator  is  positiye),  will  have  the 
same  sign  as  cos  PS';  hence  taking  TS'for  thnt  of  the  two  co-decKnationt  whote  ame  is  the 
iem,tU0ppotU»  mffhl^&S,uHaalw9^  ie  ^  ^  smm  jpircMc  m  PS',— that  is,  they  will 
cidicr  be  both  acute  or  both  obtuse. 

In  fko  example  just  solved^  eoe  PS-  is  negative,  and  cos  PS,  oca  SS'  are  both 
poattyo ;.  comequentiy  the  fraction  ia  aegatiye,  and  therefore  the  aagfe  PSS'  is 
dbtaae-— namely,  IBS'  16'  57",  instead  of  24''  43'  3",  as  we  have  taken  it  above,  and 
w»Be»tkatby  wmktrmHnf  99**  W  58"  we  get  the  same  reauJib— namely,  58^  47'  60". 

Wftatefvr  mcAod  of  solving  the  problem  of  douUe  altitudes  be  employed,  there  is 
alwvyst  in  paztscolflr  instances,  a  degree  of  vnoortainty  as  to  whether  the  sum  or 
difersTice  of  ft  particular  pair  of  arcs  or  an^s  is  to  be  taken,  and  which  uneertainty 
csa  be  rtas^red  only  by  reference  to  the  latitude  by  account. 

The  method  proposed  by  Mr.  Ivory,  and  which  has  been  put  in  a  very  commoduna 
lona  by  Mr.  Biddle,  in  his  Navigation  and  Nautical  Astronomy,  is  perhaps  the  sharteet 
of  the  eorrect  processes,  when,  the  objeet  observed  is  the  son ;  but  the  investtgalnm  of 
it  is  very  long  and  complicated,  and  the  seyeral  steps  ol  the  work  are  far  kss.  easy  of 
rscoQeetkiB  timn  those  above :  it  has  the  advantage,  howevfor,  of  deciding  the 
smbigiiity  here  mentlanod  in  the  case  of  the  snn^  with  but  very  little  trouble. 

Bat  in  tiie  case  of  a  pair  of  stsers,  the  uncertainty  is  not  sv  easily  removed ;  an 
amonnt  of  oalcnlstioB,.  equivalent  to  a  repetition  of  the  work  involved  in  the  last  step 
above,  hflstobagonethroagh. 

Now  it  ooonn  to  us  that  the  best  and  most  aatisfiustory  way  of  coming  at  the 
ftdiga  Tslae  of  the.  angle  P6Z,  ia  to  directly  emnpate  this  angle  (in  imitation  of 
step  2  above)  £rom  the  three  sides  of  the  triangle  PSZ—naoeiy,  the  co-dedination  PS, 
the  co-altitude  ZS,  and  the  co-latitude  by  account  PZ.  This  extra  work  may  be 
legaxdsd  aa,  at  least  an  approximate,  veiifieation  of  the  estue  process  up  to  the  end  of 
ilep  a ;  and,  in  executing  it,  seconds  m  the  several  ares  need  not  be  attended  to :  it 
win  bo  sofficicttt  to  take  each  side  to  tlie  nearest  minute. 

The  resakiAg  value  of  the  angle  PSZ  would  be  a  safe  guide  to  the  value  of  it 
whieh  step  8  ought  to  give ;  and  the  concluding  step  might  then  be  woiked  without 
aDymiagivisg. 

It  may  be  further  remaiked  here,  in  reference  to  a  double  altitude  of  the  mUf  that 
when  the  true  co-latitude  "^X  is  obtained,  wo  may  combine  it  with  the  co-declination  PS, 
tad  tho  eo-akxtode  ZS,  to  determine  the  hour-angle  ZP6,  the  apparent  time  from  noon 
when  1^  altitude  furthest  from  the  meridian  was  taken:  the  correction  for  the 
equation  of  time  being  applied,  the  result  wiU  be  the  mean  time  at  the  ship  when 
S  was  observed.     The  chronometer,  proper  allowance  being  made  for  its  daily  loss  or 
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gain,  will  show  the  mean  time  at  Greenwich ;  and  the  difference  between  the  two  will 
be  the  longitude  in  time. 

But  this  important  subject  will  be  more  fully  discussed  in  the  next  following  Fabt 
of  the  present  treatise ;  we  shall  cnlj  add  here,  that  an  altitude  near  the  meridian  is 
not  eligible  for  determining  Hme,  because  in  that  position  altitudes  vary  so  slowly  that 
a  small  error  in  altitude  may  occasion  a  comparatively  large  error  in  time. 

Example  2.— In  latitude  68^  N.  by  account,  the  true  altitude  of  CapeOa  was 
69'  23*,  and  at  the  same  time  the  true  altitude  of  Sirius  was  16°  19';  the  followiog 
particulars  were  also  given  by  the  Nautical  Almanac . — 

Right  Ascension  of  Capella    5h.    2m.  18s.    Declination  45"*  47'  N. 
„  „  Sirius       6h.  36m.  338.  „  16«  27'  S. 

Bcquiit>d  the  latitude.  Ana.  Latitude  57*"  8'  N. 

ThM  IHwIatiaii  of  the  Coaapaas.— The  mariner's  compass  is  sabject  to  two 

kinds  of  disturbance,  which  operate  against  its  true  north  and  south  direction.    Que 

is  a  local  disturbance  attributable  to  the  attractive  influence  of  tiie  iron  in  the  ship, 

whicli,  wlMn  nnequally  distributed  in  refierence  to  the  magnetic  meridian,  or  tlie  Hae 

along  which  the  compass  would  otherwise  setUe,  causes  a  deviation  froai  tliat  Hne. 

The  efiM  of  thia  local  attraction  is  called  the  derimiiom  of  the  oon^aaa.    The  anomit 

of  the  angular  distuibanoe  or  abarration  is  aseertained  by  experiment,  befioce  the  ship 

proceeds  on  her  T03rage ;  and  a  table  is  then  farmed,  which  gnrea  the  proper  eonectina 

}   Ibr  difikent  positiona  of  the  ahip'a  head.    But  Mr.  Bariow,  of  tiie  Boyal  Military 

{   Aoademy,  Woolwich,  has  devised  an  i^paratns  for  connteracting  the  effiMt  of  local 

I   attiaetioii :  a  small  iron  plate  is  so  placed  near  tiie  compass,  verticaDy  and  belund  it^ 

.    aa  that  its  iaftuokce  upon  it  may  neutralize  the  action  of  the  iron  in  the  Mp ;  Aa 

i   pi^(^«r  aitnation  Ibr  the  plate  being  ascertained  by  experiment  ^len  the  sih^  is  ia 

1   haiboor.    For  an  account  of  this  oontrivanoe^  and  the  aaode  of  ikying  it,  the  reader 

;    ia  i«ftnr«i  to  Badow*a  ^Essay  on  Magnetic  Attxaekkma."    It  say  be  observed,  how- 

!    ev«r«  that  nvch  care  is  requisite  ia  fixing  the  plate ;  and  that  if  the  dratrihotion  of  the 

iriva  in  the  ship  be  allciwvds  changed,  the  plate  must  be  icad^oaled;  hot  this  iaoon- 

I   vt«h»ee  mast  attach  to  every  method  of  ertimating  the  deriatiA  fion  the  xeaoltB  of 

:    <«bsi»Tatioaa  pct^viiMsly  made*  under  panirulur  tomditar—  aa  to  the  aasoiait  and 

p^silioiaof^dkstigarbiBgmalmak.    local  dktviativA  has  iiiaai  liaiii  been  fimnd  to  be 

so  gnaft  Uwt^iaaship  kadedwidk  uosk  the  coarse  by  coayasa  has  been,  known  to 

.   ilii^  Ikeia  tbe  prvfer  eoatne  by  so  nn^  aa  30^. 


L  «r  Um  ITiMHM,-Jhe  Tmieal  plav  pMiiafc  thioagh  the 
<liN«tMiia  of  ^  hMtiaMital  aeedie  ax  any  pKaee  aaaths  oat  ^ke  mt^mtk  mrriiim  of  that 
|^^^  jwi  aa  ^  vyitkal  pkae  tkx««^  the  Bostk  and  aooih  ponte  of  tiie  horisoa 
a;:«^  oat  the  g<\>|9ta|ihkal»mliam<^i^  places  The  angae  traced  en  ^e  honsontal 
p«sae  >T  ^h^  vyttkal  pli>aes  j«»  BKStinacd.  laeasKaes  the  asriafiM  •/*  tk»  wjmii  at 
tK*' |kbi(y^  Th<fea;^^Ktt  vytT  itwpki»^f$caiW  s=:^Ke«ftbecardi  where  ^eneedte 
l^xiat*  4»N<^  l«^  ^he  K«th  a»£  sc«^  iv>ea%  «f  ^»  hosaaL  or  where  the  variatifln  is 
jvfv\  TW  Isae  ia  whkh  $«Kh  |)2aN»  lie  »  <4uj(C  d»r  Bna  of  b»  taiiatiiBi,  and  is  a 
<«r^  ^  WCT  wMKjft^MaM^l  i^cafc.  it  w:&  ^^  i^  ]t«to^r  aoBe  iiiafiiia  after  the 
j^vv^ty  y^  «W  ^vaapai^  ^M  t^  »<^  w:a»  «gy<arc  ever  w  &  obs  of  the  plane 
Vkf  db^  ^^jNCca^^nid  aa«eiika  ^  ^  :si^«ai»  £rts«  t.^  hsTe  haea  ihatitd  by  Golambas, 
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The  Taziation  of  the  compass  is  not  onlj  different  at  different  places ;  but  what  is 
more  xemarkaUe,  it  is  not  constant  even  at  the  same  place.  At  London  the  variation 
was  eoihoard  till  about  the  middle  of  the  seventeenth  century ;  in  1659  the  needle 
pointed  due  north  and  south,  the  variation  being  sore,  so  that  at  that  time  the 
magnetic  coincided  with  the  geographical  meridian.  After  this  the  variation  became 
wttterfyf  and  it  continued  to  increase  till  the  jear  1818,  when  it  appears  to  have 
attained  its  greatest  limit  of  westerly  variation— namely,  24"*  30'.  Since  then  the 
variation  has  been  slowly  diminishing,  and  it  is  now  about  23°  ic$it 

In  order  to  ascertain  the  variation  of  the  compass  at  any  place,  it  is  necessary  that 
we  find  by  computation,  or  by  some  means  independent  of  the  compass,  the  true  hearing 
of  a  celestial  object,  then  observe  the  magnetic  or  compass  bearing ;  the  difference  of 
the  two  will  be  tiie  variation  of  the  compass ;  including,  however,  the  local  deviation, 
unless  this  have  been  neutralized,  as  explained  above. 

There  are  two  forms  of  the  problem :  the  object  whose  bearing  is  observed  may  be 
either  in  the  horizon  or  above  it.  In  the  former  case  it  is  the  magnetic  amplitude  that 
is  obseryed,  in  the  latter  case  it  is  the  asimuth :  in  both  cases  the  latitude  of  the  place 
ifl  fliq^posed  to  be  known. 

Vo  And  the  Taiiation  firom  an  obserred  Amplitude.— It  has  already 
been  seen  that  the  angle  which  the  equinoctial  makes  with  the  horizon  of  any  place  is 
the  co-latitude  of  that  place  (page  86).  This  angle  is  therefore  given ;  and  as  the 
object  observed  is  in  the  horizon,  and  its  declination  or  distance  from  the  equinoctial 
known,  we  have  given  the  perpendicular  (the  declination)  and  the  opposite  angle  (the 
colatitude)  of  a  right-angled  spherical  triangle  to  find  the  hypotenuse  (the  true  ampli- 
tude) ;  and  the  difference  between  this  and  the  observed  amplitude  is  the  variation, 
including  the  local  deviation  when  not  previously  counteracted.  Befraction  causes 
objects  to  appear  in  the  horizon  when,  on  an  average,  they  are  33'  below  it ;  conse- 
quently, the  compass-amplitude  should  be  taken  when  the  sun's  centre,  or  the  star 
selected,  is  about  33'  plus  the  dip,  above  the  sea-horizon ;  or,  allowing  16'  for  the  sun's 
semidiameter,  the  altitude  of  the  sun's  lower  limb  should  be  about  17'  -(-  dip. 

Examples, 

1.  In  January,  1830,  in  latitude  27**  36'  N.,  the  rising  amplitude  of  Aldebaran  was 
observed,  by  compass,  to  be  £.  23°  30'  N. :  required  the  variation  of  the  compass. 

By  the  Nautical  Almanac  the  declination  of  Aldebaran  was  16^  9'  37"  N. ;  and 

dnce  by  right-angled  triangles,  we  have 

sin  declination  =  sin  amplitude  X  cos  latitude. 

^,       -        .  ,..    ,        sin  declination 

therefore,  sin  amplitude  = = — tt-^ — 

cos  latitude 

so  that  the  logarithmic  computation  is  as  follows : 

10 

sin  declination  16**   9'  37"        .        .        .        9*44455 

cos  latitude      27"  36'    0"  .        .  —  9-94753 


sin  amplitude  18"  18' 16"        .  .       949702 

Magnetic  amplitude  23°  30'   0" 
5"  11'  44" 


\ 
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As  the  star  is  thus  farther  by  5"*  11'  44"  from  the  magnetic  east  towards  the  north   I 
than  from  the  true  east,  the  magnetic  east  has  therefore  receded  thus  much  to-waids  ■ 
the  south,  and  consequently  the  magnetic  north  towards  the  east — hence  the  variation 
of  the  compass  is  5*  11'  44"  E.     But  the  following  directions  will  serve  for  $31  eases. 

When  the  object  is  rising,  the  true  amplitude  is  always  estimated  from  the  east,  ' 
and  when  it  is  setting,  from  the  west,  and  towards  the  north  or  south  according  as  the  • 
declination  is  north  or  south. 

If  the  true  amplitude,  and  that  by  compass,  be  both  north  or  both  eoutfa,  their 
difference  will  be  the  yariation,  but  if  one  be  north  and  the  other  south,  their  eum  will 
be  the  variation,  easterly  when  the  true  amplitude  is  to  the  right,  and  westerly  when 
it  is  to  the  left  of  the  observed  amplitude. 

2.  On  Feb.  16,  1841,  in  latitude  43°  86'  K.,  and  longitude  20*  W.,  the  settteg 
amplitude  of  the  sun's  centre  was  observed  to  be  W,  6°  4-5'  K.,  at  6h.  §2m.  p.iH., 
apparent  time :  required  the  variation  of  the  compass. 


Time  at  ship      ,        .     6h,  52m, 
Long,  in  time     .        .     Ih.  20m.  W. 

Time  at  Greenwich    .     8h.  12m. 


Sun's  dec.  at  noon  Naut.  Aim. 

W  37'  18"  S. 
Correction  for  8h.  12m.        —  6'  49" 

Sun's  dec.  at  time  of  obs.  12'  30'  2(r'  S. 


10 
sin  declination    12*  30'  S.     .    .     .     .     9-33534 
cos  latitude    43°  36'         .     .     .    —9  85984 


sm  amplitude  W.  17°  23'  S 9-47650 

Magnetic  amplitude  W.    6°  45'  N. 

Variation    .    24°    8'  TVest,  the  true  amplitude  being  to  the  left 

of  the  magnetic. 

The  true  amplitude  is  always  of  the  same  name — north  or  south,  as  the  declination, 
as  is  obvious. 

3.  In  latitude  21°  14'  N.,  when  the  sun's  declinittion  reduced  to  -die  time  at  ship, 
was  19°  18'  6"  S.,  its  magnetic  amplrtnde  at  rising  was  E.  S5°  20'  8. :  required  llic 
variation  of  the  compass.  Ans.  Variation  14°  34'  West. 

4.  In  latitude  26°  32'  IN",  and  longitude  79'  W.,  the  sun's  centre  was  observed  to  set 
W,  4°  17'  S.,  the  time  at  the  ship  was  about  6h.  p.m. :  the  sun's  declination  at  noon 
Greenwich  time,  was  30'  «nd  the  hourly  increase  of  declination  1' :  required  the 
variation  of  the  compass.  Ans.  Variation  3°  31'  E. 

5.  In  latitude  48°  20'  N.  the  star  Bigcl  was  observed  to  set  9°  50'  to  the  northrard 
of  the  west  point  of  the  compass :  the  star's  declination  was  8°  25'  S. :  required  the 
variation  of  the  compass.  Ans.  Variation  22°  33'  W. 

Variation  of  the  Compass  fzom  an  Azimuth. — The  computation  of  the 
azimuth  of  a  celestial  object  requires  the  solution  of  an  oblique-angled  spherical  tri- 
angle, the  three  sides  being  given  to  find  an  angle.  The  three  sides  are  the  co-latitude, 
the  co-declination,  and  the  zenith  distance  or  co-altitude  of  the  object :  the  azimuth  is 
measured  by  the  angle  at  the  zenith,  or  that  of  which  the  sides  are  the  co-latitude  and 
the  co-altitude ;  in  other  words,  it  is  the  angle  at  the  zenith  between  the  meridian  and 
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the  TertaoAl  circle  tbrougli  the  object,  agreeably  to  the  definitione  (page  85).  In  north 
Ifltitnde,  the  tme  tsimnth  is  reckoned  from  the  Bouth  point  of  the  horizon ;  and  in  the 
soatJii  Itftituda,  from  the  north  point,  towards  the  east,  when  the  altitude  is  increasing, 
and  towards  the  wett  when  the  altitude  it  decreasing. 

TbB  ohsenred  or  magaetic  aximuth  being  rekoncd  from  the  same  point  as  the  tme 
azimuth,  if  both  are  east  or  both  west,  their  difference  will  be  the  yariation  ;  hut  if  one 
is  east  and  the  other  west,  their  sum  will  be  the  yariation.  The  yariation  is  east  or 
wwty  aoeacdinf  m  the  true  aximuth  is  to  the  right  or  to  the  left  of  the  obecrycd 
azimuUk 

Exampie8, 

1.  On  June  9,  1853,  at  about  5h.  50m.  a.m.,  in  latitude  oO""  47'  K.  and  longitude 
9T  45'  W.,  the  hearing  of  the  sun  by  compass  was  S.  92""  36'  £.,  when  the  altitude  of 
his  lower  limb  was  18°  35'  20",  the  index  correction  was  -J-  3'  10",  and  the  height  of 
eye  19  feet :  required  the  yariation  of  the  compass. 

1.  iW-  th8  Cf-tMmation  and  the  Oh-aUiUide, 


Time  at  ship,  Juno  8      .     .     17h.  50m. 
Long.  99*  45'  "W.  in  time    .      6h.  39m. 

Time  at  Givenwich,  June  9      Oh.  29ra. 


Sun's  dec  June  9  at  noon, 
Greenwich  time      .    .    . 

Hourly yar.  -f  11"8  .*.  cor- 
rection for  29m.     .    «    . 

Dec.  at  time  of  obseryation 


22^  57'  86" 

+  6" 

22"  57'  42" 
90'* 


Obs-alt 18^  35' 20" 

Index  cor +3'  10" 


Dip 
Semi 


—    4'17"> 
i.      15'  46"/ 


18'  38'  30" 
+  11'  29" 


Co-4eeliiiation 67^  2'  18" 


App,  alt. 18'  49'  59" 

Hef.  and  par. —    2'  41" 


True  alt 18°  47' 18" 

90^ 


Co-alt 71M2'  42" 


Co-dedination 
Sin  co-altitudo 
Sin  co-latitude 


8m 
Sin  (Sr  4V  —  oo-dec) 

Cos 

True  asnnroth  S. 
Obseryed  azimuth  S. 

Variation  . 


2.  For  the  true  Azimuth, 
-        .67°    2'  18" 
.     71°  12'  42" 
.     39°  13'    0" 

2)177°  28'    0" 

.     88°  44'    0" 
.     21°  41'  42" 

.    51°  52'    4" 
2 

103°  44'    8"E. 
92°  36'    0"  E. 


Arith.  Comp.     '0238109 
Arith  Comp.     *1991079 


9-9998989 
9-5678091 


9-7406218 


11°    8'    8"  "West,  the  true  azimuth  being  to 
the  left  of  the  obseryed. 


2.  In  latitude  48"  50'  N.  the  true  altitude  of  the  sun's  centre  was  22°  2'  the 
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declination  at  the  time  of  observation  was  lO""  12'  S.,  and  the  magnetic  "bearing 
S,  161*  32'  E.  Required  the  variation  of  the  compass.    Ans.  Variation  22"*  40'  40"  W. 

3.  November  19,  1835,  in  latitude  50=*  22'  N.,  longitude  24"  30'  W.,  at  about 
9  o'clock  in  the  morning,  the  altitude  of  the  sun's  lower  limb  was  8°  10',  and  the 
bearing  by  compass  S.  21°  18'  £. ;  also  the  height  of  the  eje  was  20  feet  Bequired 
the  variation  to  the  nearest  minute. 

Sun's  dec.  at  noon,  Nov.  9,  G.  T.  19'  23'  S.    Semi  diameter  16'. 

Variation  of  dec.  in  Ih.  4'  ^0",  so  that  2'  must  be  subtracted  for  three  hours  before 
noon.  Ans.  Variation  24°  12'  West 

NoTB. — In  the  foregoing  examples,  if  the  local  deviation  of  the  compass  remain 
uncorrected,  what  is  named  variation  will  be  compounded  of  variation  proper  and 
deviation.  Each  result  must  then  be  regarded  as  the  difference  between  the  uncor- 
rected compass-beaiing  and  the  true  bearing. 

It  is  proper  to  remark  also,  in  concluding  this  division  of  our  subject,  that  a  sing^ 
altitude  or  a  single  azimuth  taken  at  sea  is  not  considered  so  trustworthy  as  the  mean 
of  several ;  consequently,  when  all  attainable  accuracy  is  desired,  the  observations  are 
repeated  at  short  intervals  of  time  (a  minute  or  so),  and  the  mean  result  of  the  set  is 
taken  for  the  observation  employed  in  the  calculation,  the  moan  of  the  times  being  the 
corresponding  time  of  that  observation. 

Attention  to  the  local  deviation  of  the  compass  is  a  matter  of  great  praotioal  im- 
portance ;  and  Barlow's  correcting  plate  is  a  valuable  check  to  its  influence.  About  a 
quarter  of  a  century  ago  the  Thetis,  with  a  million  of  dollars  and  other  treasure  on 
board,  sailed  imder  the  most  favourable  prospects  from  Bio  Janeiro ;  the  next  day,  in 
consequence  of  unfavourable  wind,  they  tacked  ship,  in  full  confidence  of  being  dear 
of  land;  the  fatal  mistake  was  first  discovered  by  the  jib->boom  striking  a  high  per^ 
pendicular  cliff;  all  the  three  masts  were  at  once  sent  over  the  side,  and  vessel  and 
cargo  were  lost.  In  a  paper  in  the  Phil.  Trans,  for  1831,  Mr.  Barlow  shows  that  the 
local  deviation  of  the  compass  was  exactly  such  as  to  be  likely  to  occasion  this  great 
mistake  in  the  ship's  reckoning.  The  distance  the  vessel  had  run  was  about  80  miles; 
and  assuming  the  local  attraction  to  have  been  equal  to  that  of  the  Gloucester— a 
similar  ship — she  would  have  passed  five  miles  nearer  to  the  scene  of  her  destruction— 
Gape  Frio— than  she  would  have  done  had  the  compass  been  undisturbed  by  .the  attraction 
of  the  vessel,  or  had  this  disturbance  been  countei^cted  by  any  neutralizing  apparatus. 

For  further  particulars  on  the  preceding  portion  of  Nautical  Astronomy,  the  student 
may  consult  the  treatises  of  Norie,  Kiddle,  Eaper,  and  Inman ;  as  also  the  recent 
publication  of  Mr.  Jeans,  of  the  Royal  Naval  College,  Portsmouth.*  The  compre- 
hensive work  of  Bobertson  top,  already  recommended  at  page  64,  though  of  ra^er 
old  date,  would  bo  a  valuable  addition  to  the  mariner's  library.  On  the  variation  and 
local  deviation  of  the  compass,  Professor  Barlow's  work  on  '*  Magnetic' Attractions" 
should  be  read ;  as  likewise  Commander  Bain's  "  Essay  on  the  Variation  of  the 
Compass,"  and  the  interesting  treatise  on  Magnetism  in  the  "  Library  of  Useful  Enow- 
ledge."  Some  judicious  remarks  on  these  matters  will  also  be  found  in  Lieut.  Bapec's 
treatise  before  referred  to. 

*  Dr.  Inman*8  Nautical  Tables  will  be  found  of  much  service  to  tbe  practical  nav^tor,  and 
Mr.  Jeans's  "Navigation  and  Nautical  Astronomy*'  is  a  suitable  accompaniment  to  them.   In 
JProfessor  Jnmhn*s  tabl^  the  meridionAl  parts  are  carried  to  two  places  of  decimals,  wfaieh  glT* 
tliem  an  advantage  over  moat  other  coUectionB. 
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Xntzoduction. — ^To  dotermino  the  longitude  of  a  ship  at  sea,  is  justly  regarded  as 
the  greateat  achieyement  of  Nautical  Astronomy ;  it  is  often  considered,  too,  as  the 
most  important  achieyement ;  but  since  both  the  latitude  and  the  longitude  are  equally 
necessary  to  enable  the  mariner  to  ascertain  the  position  of  his  ship  on  the  ocean,  one 
of  these  determinations  has,  in  fact,  no  claim  to  superior  importance  oyer  the  other  as 
respects  its  practical  yalue  to  the  nayigator. 

A  higher  degree  of  consequence  has  been  attached  to  the  problem  of  finding  the 
longitude,  solely  because  of  tiie  greater  difficulties  vfiih  which  the  solution  of  it  is 
beset,  and  of  the  larger  demand  made  upon  the  resources  of  science— both  mechanical 
and  astronomical — for  the  means  of  oyercoming  them. 

We  haye  seen  in  the  preceding  Pabt,  that  there  are  seyeral  ways  of  determining 
latitude :  of  these  the  simplest  is  that  wherein  the  data  are  the  altitude  and  declination 
of  a  celestial  object  when  on  the  meridian.  So  there  are  seyeral  methods  of  deter- 
mining longitude,  but  in  each  of  these  we  haye  two  distinct  problems  to  solye  instead 
of  one :  the  problems  are,  Ist,  to  find  the  time  at  the  ship ;  and,  2ndy  to  find  the  time 
at  Ghreenwich  The  difference  of  the  times  is  the  longitude  of  the  ship  in  time.  The 
first  of  these  problems  is  comparatiyely  easy,  the  second  has  exercised  the  ingenuity 
and  tasked  the  exertions  of  the  greatest  minds ;  and  two  yery  different  forms  of  solution 
haye  resulted  from  these  efforts. 

As  the  great  object  to  be  accomplished  is  to  discoyer,  at  any  instant  at  the  ship, 
what  time  it  is  at  Greenwich,  or  at  the  meridian  from  which  longitude  is  reckoned,  it  is 
natural  that  the  problem  of  finding  the  longitude  should  haye  more  especially  engaged 
the  attention  of  chronometer-makers ;  and,  accordingly,  when,  in  1714,  the  first  parlia- 
mentary reward  was  offered  for  the  solution  of  this  problem,  within  certain  limits,  a 
most  laudable  emulation  was  called  forth  among  the  more  scientific  of  this  class  of 
artists.  The  pecuniary  stimulus  offered  by  Goyemment  was  this,  namely,  £10,000  for 
a  method  which  should  determine  the  longitude  to  within  60  miles  of  the  truth, 
£15,000  if  the  method  should  give  the  longitude  within  40  miles,  and  £20,000  if 
within  30  miles.  The  most  successful  competitor  for  these  rewards  was  John  Harrison, 
who,  with  indefatigable  industry,  applied  himself  to  the  construction  of  a  chronometer 
that  should  keep  time  with  sufficient  accuracy  to  accomplish  the  last  of  these  objects. 
In  1736  his  first  chronometer  was  subjected  to  trial  in  a  yoyage  to  Lisbon ;  and  in 
1739  a  second,  stiU  more  perfect,  was  produced ;  but  in  1758  he  completed  a  third, 
which  he  affirmed  to  be  so  accurate  as  to  entitle  him  to  the  highest  reward  offered  by 
the  Ck>mmis8ioners  of  Longitude.  In  compliance  with  Mr.  Harrison's  request,  the 
Admiralty  directed  the  watch  to  be  tried  on  a  yoyage  to  Jamaica,  in  the  ship  Deptford, 
which  sailed  firom  Portsmouth,  Noyember  18,  1761,  and  ai-riyed  at  Port  Royal, 
Januiica,  January  19,  1762.  The  time  at  Portsmouth— for  the  watch  had  been  set  to 
Portsmouth  time— was  found,  on  the  26th  of  the  same  month,  to  be  5h.  2m.  47s.,  as 
shown  by  the  chronometer,  at  the  instant  of  noon  at  Port  Eoyal;  and  the  exact 
difference  of  longitude,  in  time,  between  the  same  two  places,  aa  io\m^  ^q-j  <i^x^i\i\. 
astronomical  obseryations,  was  5h.  2m.  ^Js.;"  differing  from  the  deteTmin^WoTi  ^i  ^^ 
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chronometer  by  only  4s.,  which,  in  the  parallel  of  Jamaica,  is  less  than  one  nautical 
mile. 

On  January  28, 1762,  the  chronometer  was  sent  back  in  the  Merlin,  which  arriyed 
at  Portsmouth  on  March  26.  On  the  passage,  the  ship  encountered  a  violent  storm, 
and  the  chronometer  had  to  be  removed  to  a  place  where  it  was  likely  to  suffer  from 
exposure.  The  time  of  mean  noon,  as  shown  by  the  chronometer,  April  2,  was 
llh.  58m.  658.  Hence,  from  Nov.  6,  1761,  to  April  2,  1762,  during  which  period  the 
chronometer  had  passed  through  a  variety  of  climates,  and  been  subjected  to  violent 
agitations  of  the  sea,  its  error  was  no  more  than  Im.  53s*5,  or  28^  minutes  of 
longitude  in  time,  which,  in  the  parallel  of  Portsmouth,  does  not  amount  to  18  nautical 
miles. 

On  this  occasion  Mr.  Harrison  received  J65000,  and  another  trial  voyage  was  pro- 
posed, namely,  from  Portsmouth  to  Barbadoes,  which  was  made  in  1764,  and  which 
proved  so  satisfactory  that  an  additional  £5000  was  ordered  to  be  paid  to  him,  and  the 
remainder  of  the  highest  reward  promised  as  soon  as  he  had  sufficiently  explained  the 
principles  of  his  time-keeper  to  enable  another  artist  to  construct  one  as  good.  Mr. 
Harrison  accordingly  explained  fully  the  whole  of  his  mechanism  to  a  properly  qualified 
committee ;  and  Mr.  Kendal,  a  member  of  that  committee,  was  directed  to  oonstruct  a 
dhronometer  on  Harrison's  principles.  The  instrument  he  produced  was  committed  to 
the  care  of  Mr.  Wales,  on  his  voyage  round  the  world  with  Captain  Cook,  in  the  yean 
1772, 1773,  and  1774 ;  and  it  so  folly  justified  Harrison's  expectations  in  this  sevexe 
trial,  that  the  House  of  Conunons  ordered  the  remaining  £10,000  to  be  paid  to  him. 

Subsequently  to  this,  chronometers  were  constructed  by  various  persons,  upon 
independent  principles  and  of  equal  merit ;  those  by  Mudge,  Arnold,  and  Eamshaw 
were  considered  to  deserve  sx^ecial  distinction,  and  accordingly  £3000  were  paid  by 
Government  to  each  of  these  makers;  but  no  parliamentary  reward  has  since  been 
given  for  chronometers. 

At  the  present  day,  chronometers  fully  equal  to  any  of  those  here  adverted  to  are 
readily  to  be  procured,  and  from  the  best  makers,  e\en  sux^erior  time-keepers  may  at 
all  times  be  obtained.  The  difference  of  longitude  between  Greenwich  and  New  York) 
as  recently  determined  by  the  chronometers  of  Mr.  Dent,  agreed  with  the  results  of 
astronomical  observations  to  within  three-quarters  of  a  mile ! 

Such,  then,  is  the  degree  of  perfection  to  which  this  department  of  mechanical  art 
has  been  brought ;  so  that  the  determination  of  the  time  at  Greenwich,  at  any  instant, 
in  any  part  of  the  globe,  would  be  an  easy  matter,  provided  only  that  a  chronometer 
could  be  ensured  against  all  external  interference  with  its  action.  But  at  sea  a  piece 
of  machinery  so  delicate  is  peculiarly  exposed  to  deranging  influences — changes  of 
climate— 'the  jerks  and  vibrations  of  the  ship — ^local  attraction,  &c.,  &c.,  all  have  their 
influence^  and  however  these  ordinary  hindrances  to  the  coirect  performance  of  the 
watch  may  be  provided  against,  yet  an  unavoidable  accident  may  at  any  time  render 
the  machine  useless.  The  safety  of  navigation  requires,  therefore,  that — valuable  as 
the  chronometer  is— 'other  means  of  finding  the  longitude,  independent  of  its  aid,  should 
be  devised ;  and  these  are  furnished  by  what  are  called  the  Lunar  Observations. 

By  aid  of  tables  of  the  moon's  motion— first  supplied  to  the  British  Admiralty  by 
Professor  Mayer  of  Grottingen  (1755-62),  and  subsequently  improved  by  Mason,  Brad- 
ley, and  others — the  ang^ular  distances  of  the  moon  from  the  sun,  and  from  the  prin- 
cipal stars  that  lie  near  her  path,  are  predicted  for  every  three  hours  of  time,  and  for 
several  years  in  advance.      These  "Lunar  Distances,'*  are  given  in  the  Nautical 
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Almanac.  The  motion  of  tho  moon  in  her  orbit  is  so  rapid— about  13°  in  24  hours^ 
that  her  advance  to,  or  recetsion  iiom  a  atar  in  her  path,  is  a  measurable  quantity  oven 
in  the  lapse  of  a  few  seconds  of  time :  by  moans  of  the  three-hourly  distances  com- 
puted in  the  Nautioal  Almanac  for  Greenwich  time,  her  distance  from  any  one  of  the 
seleoted  stars,  at  any  intermediate  instant  of  Greenwich  time,  can  be  easily  found  by 
fimple  proportion;  and,  conycrsely,  any  intermediate  distance  being  known,  the 
corresponding  Greenwich  time  can,  in  a  similar  manner,  be  found. 

Like  as  in  all  the  other  angular  measurements  of  Nautical  Astronomy,  the  observer 
ii  ooDsidered  to  be  situated  at  the  centre  of  the  earth :  a  lunar  distance,  therefore, 
being  taken  at  sea,  and  reduced  to  this  point,  the  mariner  has  only  to  turn  to  his 
'*  Almanac,"  and  from  the  distances  there  given,  to  compute,  by  proportion,  the  time 
at  Greenwich  when  the  distance  of  the  same  objects  was  what  he  has  found  it  to  be. 
The  Greenwich  time,  at  the  instant  of  observation  is  thus  discovered,  and  thence, — his 
own  time  being  known— the  longitude  of  the  ship  is  ascertained. 

The  heavens  thus  supply  the  navigator  with  an  unerring  chronometer— a  time-piece 
that  needs  no  winding  up— that  never  gets  out  of  repair,  nor  ever  requires  re-adjust- 
ment—that  can  neither  be  deranged  by  accident,  nor  be  deteriorated  by  neglect :— Placed 
beyood  the  roach  of  sublunary  vicissitudes,  heat  and  cold,  storm  and  tempest  affect  it 
not :  these  indeed  may  temporarily  cloud  and  obscure  its  face,  but  they  can  neither 
disturb  its  mechanism  nor  alter  its  rate ;  and  we  know  that  it  will  run  down  only  when 
OUT  concerns  with  Ton  are  at  an  end. 

From  these  introductory  remarks,  the  student  will' readily  anticipate  the  business 
that  is  now  before  us.  Whether  we  consult  a  chronometer,  or  take  a  lunar  distance, 
for  the  purpose  of  finding  the  time  at  Greenwich,  the  time  at  the  ship  is  an  indispen- 
sable element  in  the  determination  of  the  longitude ;  the  problem  first  to  be  solved, 
therefore,  is  tojind  the  local  time. 


On  Finding  the  Tlnae  at  Sea.— At  first  sight  it  would  appear  that  the  time  at 
the  ship,  most  easily  determined,  is  the  time  of  nooriy  or  when  the  sun  comes  to  the 
meridian ;  but,  for  a  minute  or  two  before  and  after  the  sun's  transit,  the  change  in 
altitude  is  so  small,  except  in  very  low  latitudes,  that  it  is  not  possible  at  sea  to  detect 
the  instant  of  the  meridian  passage,  and  the  same  may  of  course  be  said  in  reference 
to  any  other  celeistial  object* 

In  determining  the  Mtude  by  a  meridian  observation,  the  error  of  a  minute  or  so  : 
in  the  time  of  apparent  noon  is  of  no  oonsequenoe  ;  for,  as  just  remarked,  the  altitude 
of  the  object — ^which  is  all  that  the  latitude  is  concerned  with— is  pretty  nearly 
^*ffnttiint  for  a  lew  minutes  in  the  neighbourhood  of  the  meridian ;  but,  as  respects  the 
/wyifiirff,  the  enor  of  a  single  minute  in  the  time  would  occasion  an  error  of  fifteen 
minutes  of  longitude.  It  is  obvious,  therefore,  that  when  time  is  to  be  deduced  from 
altitude,  with  a  view  to  the  determination  of  the  longitude,  the  position  of  the  celestial 
object  to  be  observed  should  be  so  chosen— when  circumstanoes  are  such  as  to  permit 
of  a  choice  of  position-^as  that  a  small  error  in  the  altitude  may  have  the  least  effect 
possible  on  the  hour-angle,  or  time  from  noon.  It  is  of  importanoe,  therefore,  to  con- 
sider the  following  preliminary  problem  : 

•  It  may  be  remarked,  moreover,  that  the  altitude  of  the  ran,  the  moon,  or  a  planet,  i»  not 
neeetB&rily  always  the  greatest  when  on  the  mid-day  meridian  of  the  place  of  observation ;  nor 
neoessarily  the  toast,  wbea  on  the  midnight  meridian :  the  body's  change  of  declination  may  be  such 
u  to  prevent  this. 
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To  determine  upon  what  vertical  a  Oeleetial  Ohjeet  must  be,  in  order  that  a  tmaU  error  in 
the  Altitude  may  have  the  leaet  eject  on  the  Time. 
Let  S  be  tlie  place  of  the  celestial  object  obseryed,  but  bj  a  small  error  in  taking 

the  altitude,  let  it  be  referred  to  S'.    Draw  S'S"  parallel  to  the  horizon,  and  meeting 

the  parallel  of  declination  s  s',  in  the  point  S". 

Then,  when  the  object  is  at  S",  it  will  reallj  haye  the  co-altitude  ZS"  equal  to  its 

supposed  co-altitude  ZS',  when  it  was  actually 
not  at  S',  but  at  S ;  so  that  in  the  determinar 
tion  of  the  hour-angle  P  fix>m  the  co-latitude 
PZ,  the  co-dedination  PS",  and  the  erroneous 
co-altitude  ZS",  the  small  angle  SPS"  will  mea- 
sure the  amount  of  error  in  the  time. 

As  the  triangle  SS'S"  is  of  course  exceed- 
ingly small,  since  the  error  of  observation  is  not 
purposely  made,  it  may  be  regarded  as  a  recti- 
linear triangle,  right-angled  at  S';  therefore 
SS'  =  SS"  sin  S'S  and  SS"  =  sin  PS  ^  SPS", 
for  SS",  the  distance  passed  oyer  by  the  object, 
may  be  compared  to  the  distance  sailed  on  a 
parallel  of  latitude  by  a  ahip,  making  the  dif- 

forenoe  of  longitude  SPS",  and  we  know  that  in  this  case  (page  50) 

ooslat :  1  ::  dist  :  diff.  long.  /.  dist  =  coslat.  X  diff.  long.,  /.  SS'  =  sin  PS^SPS" 

Henoe  SS'  =  sin  S^sin  PS^SPS"   /.  SPS"  =:^yf^pg  ...  (1) 

Now  the  angle  S",  that  is  the  angle  S'S^S,  is  equal  to  the  angle  ZSP,  because  ST  being 
a  right  angle,  S'SS"  is  the  complement  of  each ;  and  therefore,  from  the  relation 
between  the  sides  and  angles  of  a  spherical  triangle,  we  haye 
sin  S"  :  sin  SZP  : :  sin  PZ  :  sin  PS 
/.  sin  S"  sin  PS  =  sin  P2  sin  SZP  ...  (2) 
Substituting  tiie  second  mamber  of  (2)  in  (1)  we  therefore  have 

enror  in  altitude 


BPS'rr 


(3) 


/ 


sin  PZ  siiTSZP      cos  lat  sin  aaimuth 

This  exprcasion  for  the  error  in  time  will  obyiously  be  the  least  possible  when  the 
sine  of  the  aximuth  is  the  greatest  possible ;  henoe,  if  the  oo-deoUnation  be  sufficiently 
gi«al,  or  the  oo-latitudo  awffieiMLtly  small  for  the  object  to  cross  the  prime  yertioal  ZN, 
aboya  the  horixon,  in  its  progress  towards  the  meridian  or  towards  the  horixon,  tbe 
moit  foTOUxahle  time  for  an  obseryation  of  the  altitude  will  be  when  the  prime  yertiesl 
is  reached— that  is,  whmi  the  object  is  due  east  or  due  west — the  aximuth  being  then 
90^«  If  other  eiirumaUnees  ^weather,  proximity  to  the  horixon,  fte.— be  un&- 
yourable,  then  the  nearsr  the  position  of  the  object  to  the  prime  yertical  the  better. 

But  if  the  co^latitude  PZ  exceed  the  co-dodinationP^',  then  the  object  cannot  aniye 
at  the  prime  yiNrtical;  the  aximuth  PZX  will  th»  be  the  greatest,  and  haye  the 
greatest  sine,  when  the  obie«t  is  at  S,  the  point  in  which  the  aximudi  ciielo  ZSN 
I^MwW  th^  parallel  of  declination  as*.  It  is  plain  Uiat  in  this  position  the  apparent 
motion  of  the  obj<>i(t  is  umhIt  perpendicular  to  the  horixcoi  (next  diagram). 

The  triangle  PSZ  is  right  sngled  at  S«  for  P$  is  the  shodcst  are  from  P  to  ZK,  and 
i*  cAt^AA^dnN  at  r^taQjel<>s  t£>  ZX ;  in  thU  tniai^«  the  two  sides  PS,  PZ,  the  co-de- 
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olinalion  and  the  oo-latitttde,  are  auppoaed  to  be  giyen :  we  maj,  therefore,  find  the 

angle  Z,  or  the  bearing  the  object  ought  to  haye,  to  that  the  error  in  altitude  may 

affect  the  time  as  little  as  possible ;  or  we  may 

find  the  angle  P,  the  time  fh>m  apparent  noon, 

when  the  obserration  should  be  made.    If  it  be 

not  practioable  to  take  the  altitude  when  the 

object  is  in  the  most  &yourable  position,  then  a 

position  as  near  to  it  as  possible  should   be 

chosen ;    and   it  must  be    remembered    that, 

throughout  the  intenral  between  the  best  posi- 

tion  and  the  meridian,  the  nearer  the  object  ii 

to  the  meridian,  the  more  unfayourably  is  it 

situated  lof  the  puipose  of  computing  the  time 

from  an  ^titude;  the  formula  (3)  sufficiently 

shows  this. 

This  formula  (8)  will  of  course  serve  for  deter- 
mining the  error  in  the  time  consequent  upon  any  assumed  error  in  the  altitude,  at  any 
observed  aaimnth ;  but  as  the  angle  SPS'  is  expressed  in  minutes  of  the  equinoctial,  as 
appears  from  (1)  above,  it  is  necessary  to  divide  by  15,  to  bring  the  measure  into  minutes 
of  time:  so  that 


Error  of  app.  time  in  minutes  =  ~- 

16' 


error  of  altitude 


COS  lat.  sin-aximuth 

For  example.  Suppose  the  latitude  to  be  5V  81'  N.,  the  azimuth  of  the  object 
8  48**  lO'  £.,  and  that  the  error  of  altitude  is  estimated  at  10' :  required  the  error  in 
the  apparent  time. 

The  above  formula  put  into  logarithms  is, 
log.  error  of  time  =  log.  error  of  alt  —  log.  cos  lat  —  log.  sin  aiimuth  —  log.  16+20 

(see  page  9) 

10 10000 

cos  6V  31'  Arith.  Comp.    *2060 

sin  48*  10*  Arith.  Comp.    -1278 

15  Arith.  Comp.  8*8239 


Hence  the  error  in  time  is 
r-438  =  r  26" 


r438 1577 


It  will,  of  course,  be  observed  that  if  the  latitude  and  azimuth  remain  the  same,  as  also 
the  error  in  altitude,  the  error  in  time  will  remain  the  same,  howeyer  the  altitude  may 
vary. 

Time  at  Ship  deduced  fireaa  a  Single  Altitude.— If  the  object  obsenred  be 
the  sun,  the  hour  angle  which  its  circle  of  declination,  at  the  instant  of  observation,  makes 
\rith  the  meridian  is  the  apparent  time  from  that  meridian.  By  applying  the  equation  of 
time,  giyen  in  the  Nauticd  Almanac,  and  reduced  by  means  of  the  longitude  by  account, 
to  the  estimated  instant  of  observation,  the  apparent  may  be  converted  into  mean  time. 

If  the  object  be  a  star,  the  hour  angle  its  circle  of  declination  makes  with  the 
meridian  is  a  portion  of  sidereal  time ;  it  is  the  difference  between  the  right  ascension 
of  the  star  and  the  right  ascension  of  the  meridian.  When  the  star  is  to  the  west  of  th.%  \ 
meridian  its  K.  A.  (right  ascension)  must  be  increased  by  the  \io\i!:  ai^^^\  '^'\i<(>!clSX.S&  \ 
to  the  east  its  B.  A.  must  be  diminished  by  the  hour  angle :  t^e  TQSv&iV.  \&  ^<&'^.  ^>  ^'^  > 
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tlw  BeridIn^  and  the  difSsraioe  between  <hw  Old  tiie  ^^ 

jwtkm  is  Uie  tinie  from  the  same  meridkii,  and  wlddi  is  appomt,  or  mean  time, 

acoording  as  the  son's  E.  A.  is  taken  from  p.  L  or  p.  11.  of  the  Kant  Aim. 

If  the  ohject  he  the  moon  or  a  planet,  the  apparent  and  mean  time  are  oibtaiaed 
just  as  in  the  case  of  a  star. 

To  detennine  the  honr  an|^  P  from  whidi  tibe  mean  time  at  the  ahip  is  thus 
dwhieed,  then  are  g^iven  in  the  spherical  trian^  FZS,  the  eo4atitiide  FZ,  the  co- 
declination  PS,  and  the  co-altitode  ZS;  hence,  patting  «ftr  half  Um  sum  of  Iheae 
thnee  aides,  «e  ha^e  for  cos  }  P. 

CO.  J  P  =  V^tz^^  CT««««-«nrT.  p.  406). 

The  co>altitade  ZS,  used  in  working  this  fonnnla,  is  nsnaDy  deduced  from  a  set  of 
altitadas  taken  witiiin  a  minnfte  or  two  of  eadi  other,  as  in  tibe  Allowing  examples : 


1.  Turn  dmhicti  fnm  tJu  5iai.~0n  September  23,  184^  in  ktitode  M»  W  K.,  and 
kn^itnde  I7  aeoonnt  110'' W^  a  art  of  akilodeaof  tha  son  wwa  takem  as  below ;  the 
index  eonmtioa  wm  >- ST  SfT ,  and  the  bog^  of  the  eje  20  Cast:  zeqniBad  tim  mean 
time  at  dm  ih^. 

Xon. — Besides  a  duanometo'  or  two,  a  ship  always  carriea  a  good  oamnwn  wafe^ 
marking  seconds,  by  whioh,  what  may  be  called  the  time  at  ah^  hg  aeeotmtj  or  the 
estimated  time,  ia  kept.  This  may  be  regulated  by  the  meridian  altitudes,  or  by  the 
double  altitndes,  or,  as  already  noticed,  by  meana  of  Uw  chnmoaMter  and  estimated 
longitude.  For  die  purposes  to  which  the  wat^  is  af^lied,  an  enor  of  a  few  minntfli 
is  of  no  consequence ;  in  the  present  problem  the  wrtisMtpd  time  is  used  to  get  ^ 
dedination  and  equation  of  time.  The  timea  recorded  below  are  the  mean  tiams  at 
the  ship  aa  shown  by  the  watdL 

Amtmda  of  the  Smu  Tiam  per  WaUh. 

11'    4' 40- 4h.  43m.  428. 

11'    2'2y til.  44m.  35s. 

10*  »•  45- 4h.  45m.  24s. 

10'  56'  S<r 4h.  46m-  lOs. 


4)44'    3*20" 


Mean  oba.  alt 

Index    .    •    .  —  yso-j 

Dip  .    .    ,    ,  —  4'24-v     + 

Semi-diam.     .  15*58") 


«S*20- 


ir    0'50- 

8-14- 


Time  nearly  . 
Long.  110  W. 

Mean  time  at  6.    12h.    5m. 


4)19h.    Om.    Os. 

.  .  til.  45m.   Ob.  pirn. 
.  .   7h.20m. 


A^alt U'   9'    4" 

Bet  and  Par.     ,    .    ,    .       —  4*  S$" 


l^eah. ir   4'26- 

90» 


SuarsdecatwMm 

Oncm-tiaae.  .  0*0'5G-'8.T.+58i^ 
Cor.  fer  1^  5m. 

(581"  X  i^tW     ir4r 


IS=7«*55*34" 


0'1S'43*S. 
90' 

PS  =  90»ir  48^ 
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Also  since  PZ  =  39\30',  the  computatioxi  of  the  hour-angle  P,  will  bo  as  follows, 

namely : — 

ZS,    78' 65' 34" 
Sin  PZ,     39"»  30*    0"    Arith.  Comp.        -1964895 
Sin  PS,    90"  18  43"    Arith.  Oomp.        -0000064 


2)208»  44'  17" 


Equation  of  Time. 
Sep.  23  7m.  428.  yar. 

Cor  for  12h.,      +  lOs. 


Sins,      104«22'    9" 9-9861968 

Sin  (s  —  ZS),  25»  26'  35" 9-6330782 


2)19-8157709 


COS.  i  P,    36**    0'  47"                            9-9078854 
2  


P  s=  72^    r  34" 


7m.   528.  In  time  :zz  ih.  48bi,    6i,  Apparent  time  at  ahip 

■■■■'■"  '■'■'     Equation  of  time  •--  7m.  52a. 


4h.  40m.  14«.  Mean  time  at  ship. 


In  this  result  a  quarter  of  a  second  has  been  disregarded,  and  we  conolade  that  the 
watch  is  about  5m.  fast. 

It  is  of  importance  in  discussing  operations  of  this  kind,  the  results  of  which  are 
required  to  be  brought  out  with  the  utmost  attainable  accuracy,  that  the  student's 
confidence  in  such  results  be  not  shaken  by  the  fact  that  certain  of  the  data  with 
which  he  works  are  confessedly  erroneous,  and  are  never  more  than  approximations 
to  the  truth ;  the  estimated  longitude  and  the  estimated  time  at  the  ship  are,  of  course, 
more  or  less  affected  with  error.  He  must  take  notice  that  these  two  elements  do  not 
enter  directly  into  the  trigonometrical  process :  they  merely  affect  the  preparatory 
reductions  for  declination  and  equation  of  time ;  quantities  that  vary  so  little,  even  in 
a  large  interval  of  time,  that  a  considerable  error  in  the  estimation  of  this  interval 
occasions  but  an  inconsiderable  error  in  the  proper  corrections.  Hence,  with  but 
ordinary  care  in  the  dead  reckoning,  anfd  the*  proper  accuracy  in  taking  the  altitude, 
the  time  at  sea,  determined  as  above,  may  be  depended  upon  as  correct,  not  only  to 
the  nearest  minute,  but  even  to  the  nearest  second,  notwithstanding  the  acknowledged 
fiact  that  certain  of  the  data  are  only  approximately  true. 

To  illustrate  this,  let  us  modify  the  foregoing  operation  by  applying  the  above 
correction  to  the  watch,  or  by  putting  it  back  5in. ;  then  the  mean  time  at  Greenwich, 
when  the  observed  altitude  of  the  sun  at  the  ship  was  W  0'  50'',  will  be  12h.  The 
oorreetian  for  declination  will  therefore  be  58"  i  X  12  =  11'  42" ;  hence,  subtracting  5" 
from  the  above  value  of  PS,  we  shall  have,  for  the  more  correct  value,  PS  ==  90°  18'  38" ; 
and  the  woik,  modified  in  aceordance  with  this  change  in  the  co-declination  of  tho 
sun,  wiU  stand  as  follows : — 

*  This  is  tlie  variation  of  the  equation  of  tims  in  one  hcur,  as  given  in  the  Jfautioal  Almanac. 
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ZS,        78*  66'  34"^ 
sin  PZ,        39*  SO*    0"        Arith.  Comp. 
sin  PS,        90*  18'  38"        Arith.  Comp. 

•1964895 
•0000064 

9*9861985 
9*6330650 

2)208*  44'  12" 

sins,          104*  22*    6" 

8m(8  — ZS)        25*26*32" 

2)19*8157594 

cos  i  P,       36*   0*  51"                                        9-9078797 
2  

.*.  P  =  72*    1'  42" 

In  time  =  4h.  48m.    6s.} )   .*.  4h.  40m.  148.)  ia  the  correct  mean 
Equation  of  time  —  7m.  528.   J  time  at  the  ship. 

The  time,  according  to  the  former  result,  was  4h.  40m.  148.}  ;  for,  as  stated  aboTC, 
the  fraction  of  a  second  was  suppressed :  we  see,  therefore,  that  the  error  of  5m.  in 
the  estimated  time  occasi(»i8  an  error  of  only  half  a  second  in  the  correct  time.  Sup- 
joso  now  that  not  only  the  estimated  time,  hut  that  the  estimated  longitude  is  also 
affected  with  an  error  equivalent  to  5m.  of  time — ^that  is,  an  error  of  1*^  in  longitude, 
which  is  a  large  error ;  and  suppose  that  hoth  errors  conspire,  making  the  mean  time 
at  Greenwich  12h.  10m.  The  correction  for  declination  will  then  he  ^"^  X  12^  =  less 
than  11'  52" ;  then  PS  will  he  90*  18'  48",  and  the  modified  work  will  he  asfbllows  :— 

ZS,  78*  55'  34" 

sin  PZ,         89'  30'    0"        Arith.  Comp.  -1964895 

sin  PS,         90*  18'.  48*        Arith.  Comp.  -0000065 


2)208*  44'  22"  | 

sins  104*  22' 11" 9*9861958 

fiin(8  — ZS),         25*  26' 37" 9-6330871 

2)19*8157789 

cosiP,         36'    0'45" 9*9078894 

2.  


.-.  P  =  72*    1'  30" 
In  time  =  4h.  48m.  Qn\  .*.  4h.  40m.  148,  is  the  mean  time 
Equation  of  time    —  7m.  52s.  j  at  the  ship. 

Hence,  notwithstanding  the  ahove  errors  in  the  estimated  time  and  longitude,  the 

time  at  the  ship  is  correctly  deduced  to  within  three  quarters  of  a  second  of  the  truth. 

Wheneycr  there  is  a  yery  oonsiderahle  difference  between  the  time  per  watch,  and  the 

calculated  time  at  the  ship,  it  will  be  prudent  to  repeat  the  work  with  the  coireoted 

I   time,  as  in  the  second  of  the  foregoing  operations.  ^ 

2.  Tima  deduced  from  a  Star.— Or  June  3,  1842,  at  12h.  9m.  p.m.,  nearly  (mean 
t/mej  In  latitude  50"  48'  N.,  and  longitude  "by  account  1*  6'  3"  W.,  the  obserred 
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altitude  (or  the  mean  of  a  set  of  altitudes)  of  a  Bootis,  west  of  the  meridian,  was 
89°  53^  30%  with  the  artificial  horizon :  the  index  correction  was  — .  10" ;  required  the 
mean  time  at  the  ship. 

As  the  artificial  horizon  was  used,  there  will  he  no  correction  for  dip  (page  114) : 
the  angle  shown  hy  the  instrument  when  corrected  for  index  error  is  douUe  the 
altitude  fh>m  the  raUonal  horizon. 


Angle  by  Instrument 
Index  correction 


App.  alt  of  star 
Befraction     • 


,    89°  63'  30" 

—  10" 

2)89''  53'  20" 

.    44' 66' 40" 

—  68" 


True  alt 44»  55' 42" 

90* 


.-.  ZS  =  45"*    4'  18" 


Estimated  time  , 
Long.  I'  6'  W.    . 

Mean  time  at  G. 


12h.    9m. 
4m. 

12h.  13m. 


Sun's  R.  A.  at  noon,  or 

the  sidereal  time  4h.  46m.  7s*l 

Oorrectionfor  12h.  ISm.      +    2m.  08*4 


Sun's  R.  A.  at  time  of 
obs 


4h.  48m.  7s*6 


Stars  B.A.  14h.  8m.  306-5,  Dec.  20*  0'  15"  N.,  /.   PS  =  69"  69'  46" 
=  39*12'. 

ZS,    45*    4'  18" 
sin  PZ,    39*  12'    0"     Arith.  Oomp.     -1992628 
sin  PS,    69*  69' 45"    Arith.  Comp.     -0270266 


Also  PZ 


2)154*16'    3" 


sins,    77'   8'    2" 99889670 

sin(s  — ZS),     32*    3' 44" 9*7249635 


2)19-9402089 


cosfP,    21*    r    rl 9-9701044 

2 


/.  P  =  42*   2'    3"  or   2h.  48m.    8r2  of  sidereal  time. 
Stan  B.  A.    .    .    .    .    14h.    8m.  30s-5 


B.  A.  of  meridian 
BJk.  of  sun    .    • 


16h.  56m.  388*7 
4h.  48m.    78-5 


If  can  time  at  ship  .    .     12h.    8m.  31s*2 


It  will  be  obsenred  here  that  the  hour  angle  P  is  expressed  in  sidereal  time,  and  in 
like  nunmer  the  right  ascensions  of  the  star,  the  meridian,  and  the  mean  sun  are  all   I 
expressed  in  sidereal  time :  hence,  12h.  8m.  31s*2  is  the  distance  o{  t\iQ  infiWEL  vvoLtc^Tii 
the  meridian  in  tiiereal  time ;  and  this  time  in  reference  to  the  mean  6\m.  \a  meva  \Ai!Ck!e 
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Sxamplet/or  JExereite, 

1.  On  January  12,  1840,  in  latitude  30**  65'  N.  and  longitude  14"*  W^  hj 
the  mean  of  a  let  of  altitudes  of  the  iun*8  lower  limb  was  22"  26*  8S",  the  eonmpond- 
ing  time  bj  watoh  was  Oh.  31'  33^*  a.m. ;  the  index  ooireotion  was  +  4'  80",  and  tht 
height  of  the  eye  30  feet.  Also  the  Nautical  Almanac  gare  the  fi^Uowing  partmultni 
namely — 

Sun's  dec.  Jan.  U,     .    21*  54'  30"  S.  I  Equa.  of  time  Jan.  11,   .     .     8m.  Ss. 
Hourly  yariation,     "  .  —  23"-42  I  Hourly  variation, .  '  .     .    +  Cm.  Is. 

Sun's  semidiameter  16'  16" 
Required  the  mean  time  at  the  place  of  observation. 

Ans.  9h.  41'  24"  a.m. 

2.  On  April  18, 1844,  in  latitude  dO""  48'  N.  and  longitude  by  account  l"*  0'  "W,,  tlie 
mean  of  a  set  of  altitudes  of  the  sun's  lower  limb  (with  artificial.horizon)  was  76^  16'  46", 
the  corresponding  time  by  watch  was  9h.  18m.  a.nL :  the  index  correction  was 
—  3'  46" ;  and  the  Nautical  Almanao  gave  the  following  particulars,  namely — 

Sun's  dec.  April  17,  .     10**  36'  49"  N.  I  Equa.  of  time  April  17,    Om.  31s-3 
Hourly  variation  .    .  52"'38  |  Hourly  variation    .     .    Om.    0s*573 

Bun's  semidiameter  15'  56". 
Required  the  mean  time  at  the  place  of  observation.         Ans.  9h.  18m.  16s,  aja. 

3.  On  April  26, 1840,  in  latitude  29'  47'  45"  S.  and  longitude  by  account  31*  7'  B., 
at  2h.  19m.  4l8.  a.m.  by  watch,  the  true  altitude  of  the  star  Altair  was  25*  14'  20"  to 
the  east  and  north  :  required  the  mean  time  at  the  place  of  observation. 

R.A.  of  Altair  19h.  43m.  Decli.  8*  26'  47"  N.  Sun's  R.A.,  or  sidereal  time  at 
mean  noon,  2h.  18m.  2l8*l.  Ans.  Ih.  45m.  lis.  a.m. 

Note. — ^As  remarked  at  page  134,  the  time  may  be  found  in  a  similar  way  when 
the  object  is  the  moon  instead  of  the  sun  or  a  star  ;  but,  on  account  of  the  rapidity  of 
the  moon's  motion  in  right  ascension  and  declination,  this  body  is  the  least  eligible  for 
the  purpose  of  discovering  the  time  at  sea.  The  approximate  time  and  the  approximate 
longitude  which,  as  we  have  seen  in  the  case  of  the  sun  (page  138),  may  be  employed 
with  safety,  may  lead  to  considerable  uncertainty  when  the  object  is  the  moon,  whose 
declination  changes  sometimes  more  than  2'  in  10m.  of  time. 

Time  ]Mlnee4  £roin  Equal  Altitudes.— There  is  another  way  of  determin- 
ing the  time  which  ought  to  be  briefly  noticed.  It  is  called  the  method  of  equal  alti- 
tudes :  the  following  exposition  of  it  is  principally  from  Lieut  Raper's  "  Practice  of 
Navigation  and  Nautical  Astronomy" — a  work  which  well  deserves  the  attention  of 
the  practical  seaman. 

Since  the  altitude  of  a  body  which  does  not  change  its  deelination  varies  exactly 
at  the  same  rate  while  rising  on  the  E.  side  of  the  meridian,  as  while  falling  on  the 
W.  side,  the  same  altitude  occurs  at  the  same  hoiuvangle  on  each  side  of  the  meridian, 
and  the  middle  point  of  time,  between  the  instants  of  two  equal  altitudes,  is  the  in- 
stant at  which  the  body  passes  the  meridian. 

In  the  case  of  the  sun,  the  middle  point  of  time,  or  the  mean  of  the  observed  timn 
of  equal  altitudes  A.M.  and  P.M.,  is  apparent  noon.  In  the  case  of  a  atar,  or  other 
body,  the  moan  of  these  times  correiponds  to  the  R.A.  of  the  star  when  upon  the  mezi* 
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diany  or  the  ndorMl  time,  ▼hich  may  etuly  be  CQnyerted  into  apparent  tune,  or 


Sinoe  the  mm  ohangea  his  deolinition  aentibly  in  large  intervals  of  time,  two  equal 
altitudes,  A.M.  and  P.M.,  do  not  correspond  to  equal  hour-angles ;  and  it  therefore 
beeamea  noeeasary  to  apply  to  the  mean  of  the  observed  times  a  oonection  which  is 
called  tiie  BgmUion  of  Equal  AUUmdu,  A  table  of  the  equation  of  equal  altitudes  is  to 
be  fiwnd  in  all  Nautioal  Tables.  Also  at  sea,  the  change  of  place  of  the  ship,  in  the 
intervals  between  the  altitudes,  will  generally  render  another  correction  necessary. 
When  the  ooune  made  good  is  true  £.  or  W.,  the  ship  changes  her  longitude  only,  by 
the.partion  of  time  which  she  gains  or  loses  on  the  sun  in  the  interval  This  dumge^ 
provided  it  ia  made  good  equally  on  both  sides  of  the  meridian  introduoea  no  coiTeotiQa; 
and  the  only  question  is,  the  time  by  watch  when  the  interval  is  half  expired. 

But  when  the  ship  changes  her  latitude,  the  same  altitude  no  longer  corresponds  to 
the  aame  time  from  noon,  and  the  correction  adverted  to  becomes  necessary. 

This  mer&od  has  some  advantagea :— it  ia  independent  of  the  terrestrial  refraction, 
provided  this  remains  unchanged  in  the  interval  employed ;  and  the  eorreotion  when 
necessary  requires  the  latitude  and  altitude  to  be  but  ruughly  known.  Within  the  tropics, 
the  interval  may  in  general  be  very  small,  on  account  of  the  rapid  change  of  the  alti- 
tude, and  the  caixection  tot  change  of  latitude  may,  in  such  cases,  be  omitted.  In  high 
latitudes,  Jiowever,  tiie  ship^a  change  of  latitude  considerably  alters  the  tima  from  noon* 
at  which  the  second  altitude  (equal  to  the  first)  is  taken :  henoe,  in  such  high  latitudes 
the  method  is  less  useful. 

The  geBssral  mode  of  proceeding  is  this  :*-Observe  the  sun's  altitude  shortly  before 
noon,  and  note  the  time.  Note  the  instant  of  the  the  same  altitude  in  the  afternoon. 
For  greater  aceuracy,  several  pairs  of  equal  altitudes  should  be  obtained.  Take  the 
mean  of  the  AJf .  and  P,M.  times  by  watch :  this,  when  the  ship  does  not  change  her 
latitude,  ia  the  time  by  watch  of  apparent  noon.  To  render  any  correction  for  change 
of  latitude  unnecessary,  it  would  be  desirable  to  alter  the  course  of  the  ship,  so  as  to 
preclude  this  change,  when  the  interval  between  the  observations  is  but  short,  as  it 
dumld  be  to  warrant  the  dispensing  with  a  coircction  for  change  of  declination. 

On  account  of  the  constancy  of  its  declination,  a  star  is  the  best  suited  for  the  purpose 
of  the  present  problem ;  but  a  change  in  the  state  of  the  atmosphere,  during  the  in- 
terval of  the  observations,  may  interfere  with  the  precision  of  the  result,  especially  in 
the  case  of  low  altitudes ;  attention  to  the  indications  of  the  barometer  and  tbermome. 
ter  is  therefore  necessary  to  the  attainment  of  accuracy.  But  the  observations,  to  be 
free  from  all  source  of  error,  should  be  made  on  shore ;  for  if  the  interval  be  large, 
there  is,  at  sea,  some  uncertainty  as  to  the  correction  for  change  of  latitude ;  and  if  the 
interval  be  small,  there  is  some  imcertainty  as  to  the  altitudes,  especially  in  high  lati- 
todes,  on  account  of  the  slowness  with  which  altitude  changes  near  the  meridian. 

An  Undlfic  fhe  XKMic^tiida  by  a  G]uroiiom«t«r,-.From  what  is  shown  in 
the  preceding  articles,  it  appears  that  the  time  at  the  ship  can  be  accurately  obtained 
by  means  of  altitudea  of  the  sun  or  fixed  stars,  assisted  by  the  longitude,  by  dead 
reAmring,  and  the  time  by  estimation ;  and  therefore  all  that  is  necessary  for  the  deter- 
mination of  the  ship's  longitude  is,  that  we  know  also  the  time  at  Greenwich  at  the 
lame  instant.  If  we  can  only  discover  what  o'clock  it  is  at  the  same  instant  at  two 
difierent  places  on  the  globe,  however  distant,  wo  may  at  once  infer  the  difference  of 
IflBgitnde  of  those  places.    We  have  only  to  convert  the  difference  of  time  into  degrees, 
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at  the  rftto  of  15*^  to  one  hour,  to  efifoct  this  object  To  find  the  time  at  Greenwich  at 
any  instant  is  therefore  to  solye  the  problem  of  the  longitude;  and  as  noticed  at 
page  129,  it  is  to  supply  this  important  information  that  so  much  skill  and  penerecance 
ha^ra  bem  bestowed  on  the  ekromomeUr, 

It  is  not  necessary  to  the  perfection  ef  this  instrument  that  it  should  show  the 
oaot  time  at  Qreenwich,  which,  in  fact,  a  chronometer  neyer  does ;  what  ia  required 
ii,  that  its  action  be  uniform  and  regular.  The  difference  between  Greenwich  mean 
time  at  any  instant  and  the  time  ahown  by  the  chronometer,  is  the  trror  of  the  diio- 
someter  at  that  instant,  and  its  aTerage  gain  or  kas  in  24  hours  is  its  mmm  dmfy  rtU, 
There  is  a  dep6t  established  at  theBoyal  Oboerratory,  Greenwich,  for  the  reoeptian  of 
itteh  chronometeia  as  tiie  makers  choose  to  send,  and  where  their  errors  and  rates  are 
determined  by  the  Astronomer  Boyal;  and  few  persons  would  now  pnehaae  a  efaro- 
nooieter  for  use  at  aea  without  the  proper  official  certificate  of  these  partienlaiB.  If  the 
original  error  on  Greenwich  mean  time  be  allowed  for,  and  the  proper  eonection  be 
Made  for  the  aeeuMulated  daily  rate,  the  Qreenwich  time  at  any  instant  will  of  eomse 
be  eevteelly  obtained,  proTided  that  nothing  has  disturbed  the  action  of  tiie 
since  it  kit  the  oboenratoiy. 

It  wiD  hare  been  obsonred  in  the  foregoing  artidca,  that  tiie  eatimafcf 
and  time  at  the  ship  haTe  been  employed  aoldy  for  the  puipoae  of  getting  the  6ieen> 
wkh  tim^  wh«Di  ^e  ahitnde  waa  taken,  widi  sni&deni  aceuraey  to  enahle  na  to  get  Ab 
<e  decKnatkn  er  polar  distance  of  the  object  obaerred;  andwehaveaeentkatcmna 
etMoiidiferable  error  in  the  estimated  quantilics  will  not  sensibly  afcet  tiie  peecimon  ef 
tbeieault  Bttt  if  the  Aronosaeter  can  at  all  be  dtptifcd upon, tim  Cieanwich tiim 
of  ^e  obeetiratwn  will  bscomt  known  at  onecw  and.  unkaa  great  dcsBngeaasni  of  Hm 
ttoiwatitr  haTe  taken  plaee^  wi A  move  anuiaty  tihaos  it  can  be  fonnd  by  the  cati- 
moled  kngitndi  and  time  at  tiie  Aip>  Thae  prohtem  just  diipnaif .  ef  may  thanJae  be 
<esi<ctly  sohedbraidof  eienanindigeienfcf.fiionnBssrii  ;bntiftiietiBsenlGTeenwicbj 
afb»the«ecieetainoliNr  eRerandiaftKbe  nei  cenoetfy  fisruf iW d  by  Ae 
tbtee  will  of  eonree  be  n  panf  esiFnnots  ener  m  ^e  langkmie  iniened 

V»M»SMBWia»^bol  Aestndwt  sfconld  thoriy  sHJiiifBai  hew  it 
Ikea  UM^eoea  <iMliw  '^'^  il^tain  sacniaia  leaakii  tt«n  in  n  matter  of  so  mgedh  deiceey 
so  the  liliimmertinef  Ae  time  at  seo>  TW  enors  xeftucd  to  cam  aftei  only  tea 
tliamnt*  ef  ^e  tdholirinn  tW  ilrf hoetwn  and  Ae  wpioimm  of  t^e;  antl  from  te 
sli^vKMS  wiilk  w^K^  thaae  Tmcy«  o  fo* 


aitxf  tbeiriteefa 
>  ^  taae  at  Cfetei^wudh  eeolii  abracia  W 

^hftoMil  fteoa  ^^  boa  n smiAA  jeck  er  tiMMswo^  <^^ 
aaai^v^a^  vi^tBHttif  ttaim^ifftmi^^ft^nt^  ^iJhservafiticy  ^  t&e  dki^^m;^ 
refitr  V  ^«ary^    Tb»  mtoadfe  aoyvpaae^  thoniMw  sEiaib  bfmailf  ef 
v)^Q«KQttdrr  ^rf*  aaeeHndidi^  te  reae  nf  ^kir  lAwonasamr^    lUs  as  be 
th^  ^  ^  IboHHrar.  anii  ^^  ue^|iUWmr^i«£  of  a  tLaa^ 
Dta^  W  oS^Httattarf  Kie  »  dt  wns  aa  <tke«uwiA    Fw  ;h» 
Mi«lin)t^<iactM*ttabMew  T^aneaBij'betattniiseotika^* 
«>i;IWwaflBk^fcifceect»rf»rtbevibianatBiy  amtwaigog^twaitfcettMBm-ttMeclsdc, 
c^  tfnwr  Iff  Ibr  ibttmiaaintaro  o^  ifte  mean:  tsdmr  at  t^^uoMw  w^dbBbeaaem:  ani 

^  <^vte  %^  >^(:<BnK&]iL  dena  :&e  enaafe  aaaaaat 


LOMQZTUOB  OBTX&MIMKD.  141 


of  the  error  will  be  diacoTered,  and  henoe  the  mean  daily  rtte.  The  ihip  then  sails 
afresh  with  the  time  at  the  new  meridian,  and  therefore—the  longitude  of  that  meridian 
being  known— with  the  Greenwich  time. 

Or  without  resorting  to  a  fixed  otMenratory  the  rate  may  be  asoertaincd,  when  the 
ship  is  in  harbour,  by  finding  the  mean  time  at  the  place,  as  explained  in  last  problem. 
A  comparison  of  this  with  the  mean  time  shown  by  the  chronometer  will,  in  like 
manner,  show  the  enor  on  mean  time  at  the  place ;  and  the  obser^tions  being  repeated 
day  after  day,  the  rate  will  become  known.  The  altitudes  may  in  general  be  obtained 
with  greater  precision  by  taking  them  on  shore,  by  means  of  an  artificial  horiion,  the 
chronometer  time  being  carried  there  by  the  watch. 

Erery  attention  should  be  paid  on  ship-board  to  circumstances  likely  to  interfere 
with  the  rate  of  the  chronometer,  it  should  be  kept  as  much  as  possible  out  of  the 
mfluenee  of  changes  of  temperature,  and  its  horiaontal  position  should  remain  undis- 
turbed ;  to  secure  this  permanence  of  position  it  is  frequently  suspended  on  jimbals, 
like  the  compass.  It  should  be  wound  up  by  the  action  of  the  key  alone,  the  chro- 
nometer itself  being  kept  steady ;  if  the  instrument  be  turned  as  well  as  the  key,  the 
motion  of  the  balance  wheel  will  be  afiected,  and  the  rate  disturbed.  We  have  hitherto 
spoken  ot.the  chronometer,  as  if  ships  in  general  canied  only  one ;  but  in  long  yoyages, 
or  in  Toyages  undertaken  for  scientific  purposes,  ships  usually  take  several  chronometers 
u  checks  to  one  another,  and  to  proride  against  accident.  Captain  Fitaroy,  in  his 
nmreya  of  the  coast  of  South  America,  took  so  many  as  twenty-two  chronometers.  The 
apartment  in  which  the  chronometers  are  kept  is  called  the  chronometer-room,  and  the 
temperature  of  it  is  sometimes  regulated  by  lamps,  with  the  aid  of  the  thermometer* 
This  ahonld  be  the  permanent  depository  of  the  time-keepers,  and  they  should  be 
meddled  with  only  for  the  purpose  of  winding  them  up,  which  should  be  at  the  same 
regular  interyal ;  and,  of  course,  they  should  not  be  allowed  to  run  down. 

The  error  and  rate  of  a  chronometer  being  found,  as  explained  abore,  the  longitude 
is  determined  as  in  the  following  example  from  Captain  Eater's  article  in  the  Encydo- 
psdia  Metzopdlitana. 

JSgampUt. 

1.  On  the  2nd  of  June,  1823,  the  true  altitude  of  the  sun's  centre  was  30''  2%  when 
the  chronometer  showed  5h.  Im.  Os. ;  the  latitude  was  40**  -6'  N. ;  and  the  sun's 
declination  at  the  time  of  obsenration  22"  9'  17"  N.  The  chronometer  on  the  20th  of 
May  preceding  was  45s.  dow  for  Greenwich  time :  its  daily  rate  was  2s*  1  losing. 
Bequired  the  longitude  of  the  ship. 

1.  Apparent  Time  at  Greenwich  from  Chronometer, 

h.   m.  8. 

Time  by  chronometer 5    10 

Slow  April  20 -(-45 

Loss  from  April  20  to  June  2    ....        +  25*2 


Mean  time  at  Greenwich 5    2  10-2 

Corresponding  equation  of  time  .     -f  2  31  4 


App,  time  at  Greenwich  ' 5    4  41-Q 
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3.  Appartnt  time  at  ship  from  triangU  PZS. 

Here  ZS  =  69°  58',  PS=  67**  60'  43",  PZ  =  49"  55',  to  find  P. 
ZS,  69'*  68'    0"        Arith.  Comp.  0333098 
sin  PS,  67"  60'  43"        Arith.  Comp-  •1162768 
sin  PZ,  49"  66'    0" 

2)17r  43*  43" 

sin  8,  88<>  61'  61"  9-9999146 

sin  (a  —  ZS),  28"  68'  61"  9-6841666 

2}19-8836678 

cos  J  P,  34°  20'  ir'-6                           9-9168339 
2  

.-.  P  =  68"  40'  36''-2 
2 

3)13,6  8,0  7,0-4 

4     32 

2    40  See  ptge  97. 

2-3 

App.  time  from  boon  at  ship  4h.  34m.  428.-3 
App.  time  at  Greanwioh  (by  ohron.)  6h.   4m.  4l8. *6 

Longitude  'W.  in  time  Oh.  29m.  69s. -3 

29m.  =   7"    16' 
59S.-3  =         14'  49"-5  See  page  119. 

Longitude  W.  T  29'  49"-6 

2.  On  the  28th  of  May,  1823,  in  latitude  0"  60'  N.,  the  mean  of  seyeral  ohm 
altitudes  of  the  star  Antares,  when  eastward  of  the  meridian  was  30°  42',  an« 
corresponding  time  by  the  chronometer  was  9h.  35m.  438.    The  chronometer  wa 
fast  Im.  5s.  on  April  20  at  noon  at  Greenwich,  and  its  daily  gain  was  6b*4. 
height  of  the  eye  was  16  feet.    Acquired  the  longitude  of  the  ship. 

1.  Apparent  time  at  Greenwich  from  CItronometer, 

h.  m.  8. 

Time  by  chronometer 9  35  43 

Fast  April  20 —  1    6 

Gain  from  April  20  to  May  28  .        .        .    —  3  27-5 

Mean  time  at  Greenwich 9  31  10-5 

Corresponding  equation  of  time         .        .        .    +  3    9*2 

App.  time  at  Greenwich 9  34  19*7 


/ 
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2.  Apparent  fiW  mi  Ship  from  trumfk  PZS. 

Mean  of  obterrcd  altitudefl 80    42  0 

Dip —3  60 

Star's  apparent  altitudes 30     38  10 

Eefraction —  1  39 

Star's  true  altitude 30    36  31 
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fin  (s 


o 

ZS,      59 

sin  PS,     116 
BinPZ,      89 

23 

1 
10 

29 

37 

0 

Aritli.  Comp. 
Aiith.Comp. 

0464395 
•0000459 

2)264 

35 

6 

sin  8,     132 

17 
54 

29 

33 
4 

32 
2 

9*8690669 

—  ZS),      72 

9*9803665 

2)19-8969188 

ooe  i  P,      27 

9*9479594 

3)10,8  11,8    ,8 


3     36 

3      56-3 

olar  angle  in  sid.  time  3h  39m  568*3 

tar^s  R.A 16h  18m  3l8*2 


Sec  page  97. 


..A.  of  meridian  .    .     . 

un'B  B.A.  May  28,  at 

9h  34m  20s  a^.  time 


Lpp.  time  at  ship  .    .     . 
ipp.  time  at  Greenwicli 

jong.  yf.  in  time  .    .    . 


12h  38m  34s'9 
4h  19m  17s 

8h  18m  178*9 
9li  34m  19s-7 

Ih  15m     18-9 


Long.  W.  =  18^  46'  28" 


Examples  for  Fxereiae. 
On  September  23,  1845,  in  the  afternoon  and  in  latitude  50^  30'  N.,  the  ohserred 
ide  of  the  sun's  lower  limb  was  ll**  C  60",  the  index  correction  being  —  8'  20", 
;he  height  of  the  eye  20  feet.  The  chronometer  showed  llh.  59m.  308. ;  it  was 
yn  Greenwich  mean  time  46s*6  on  August  21,  and  its  daily  rate  was  5s'7  losing ; 
un's  declination  at  the  time  of  observation  beingJ0°  18'  41"  S.,  and  the  ec^fllvwi. 
ne  7m.  528*3 ;  also  the  sun's  scmi-diametcr  was  16'  68"  *.  TCC5cme^^'&\OT^ptoQj^A. 

Ans.  Long.  IW  W  \^*'  ^ . 
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2.  In  the  afternoon  of  October  IS,  1841,  in  latitude  15"  46'  N.  the  observed  altitude 
of  the  sun's  lower  Hmb  was  12°  40' :  the  chronometer  showed  llh.  12m.  42s.  Greenwich 
time  of  Oct.  17 :  its  error  Aug.  12  at  noon  was  5m.  26s.  slow,  and  its  daily  rate  was 
12s-5  gaining :  required  the  longitude,  the  index  correction  being  -)-  2'  30",  the  height 
of  the  eye  16  feet,  and  the  following  particulars  being  furnished  by  the  Nautical 
Almanac,  namely— 

Sun's  dec.  Oct.  17,  9°  18'  8"  S.  Hourly  diff.  +  64"-81.  Eq.  of  time  14m.  348-3. 
Hourly  diff.  +  0"-483.    Sun's  semidiameter  16'  6". 

Ans.  Long.  83''5l'  45"  E. 

3.  On  September  10,  1844,  in  latitude  48°  20'  N.,  an  afternoon  altitude  of  Arcturus 
was  obserred  to  be  31°  5'  40",  the  star  west  of  the  meridian  :  the  chronometer  showed 
5h.  Im.  28s. :  its  rate,  Aug.  25,  was  4s*3  gaining,  and  it  was  2m.  40s.  slow  on  Green- 
wich mean  time.  The  index  correction  was  —  4'  10",  and  the  height  of  the  eye 
20  feet:  also  the  sun's  R.A.  at  the  time  of  observation  was  llh.  19m.  ISs.,  the  star's 
E.A.  14h.  8m.  34s'65,  and  its  declination  19°  59'  44"  N.     Required  the  longitude. 

Ans.  Long.  32°  8'  20"  E. 

On  Finding  the  Longitude  at  Sea  by  Lunar  Obsezrations.— The  reader 
has  sufficiently  seen  that  the  difference  of  longitude  between  two  places  on  the  surfSuie 
of  the  earth  is  virtually  the  same  as  the  difference  of  time  between  those  two  places  at 
the  same  absolute  instant.  Suppose,  for  example,  that  a  rocket  could  be  projected  so 
high,  and  give  out  light  of  such  intensity,  as  to  be  seen  at  the  instant  of  explosion  by  two 
observers  thirty  or  forty  miles  apart :  the  explosion  takes  place,  of  course,  at  a  certain 
instant  of  absolute  time :  the  mean-time  clock  at  Greenwich  might  mark  this  instant— 
in  the  local  reckoning  of  that  place — as  3h.  20m. :  an  observer  to  the  east  of  Greenwich 
might  find  the  time  at  his  place  to  be  3h.  22m. :  the  difference  in  the  local  reckon- 
ing would  thus  give  a  difference  of  2m.  in  the  time,  although  both  observers  saw  the 
flash  at  the  same  absolute  instant ;  and  we  should  conclude  that  the  easterly  place  of 
observation  had  half  a  degree,  or  30  nautical  miles  of  east  longitude.  It  is  the  same  in 
reference  to  any  other  phenomenon ;  let  only  the  time  at  Greenwich  be  noted  which 
marks  the  instant  of  its  occurrence,  and  also  iJie  time  at  any  other  locality  which  marks 
the  same  instant ;  the  difference  of  the  times  thus  noted  will  be  the  longitude,  in  time, 
of  that  other  locality  from  Greenwich. 

The  heavenly  bodies  furnish  signals  in  abundance  analogous  to  the  rocket-signal 
here  imagined,  and  astronomers  have  only  to  make  their  selection  suitably  to  the 
circumstances  of  the  observers :  what  are  called  Ute  lunar  observations  are  the  best 
adapted  to  determine  the  longitude  at  sea.  Certain  stars,  lying  in  or  very  near  to  the 
moon's  path,  are  chosen,  and  the  distance  of  the  moon  from  each  of  these,  as  also  from 
the  Sim  at  noon  (Greenwich  time),  and  at  every  interval  of  three  hours,  is  predicted 
and  recorded  in  the  Nautical  Almanac  for  every  day  in  the  year.  An  observer  at  sea 
measures  one  of  these  distances,  and  refers  to  tiie  Nautical  Almanac  for  the  Greenwich 
time  when  the  same  phenomenon  happened ;  he  finds,  most  likely,  that  his  distance  is 
intermediate  between  a  certain  pair  of  the  three-hourly  distances ;  he  knows,  therefore, 
that  the  Greenwich  time  is  intermediate  between  the  recorded  hours ;  and,  just  as  in 
the  case  of  any  other  varying  quantity— given  in  the  almanac  for  regular  intervals  of 
time — ^he  calculates  the  intermediate  time  corresponding  to  the  intermediate  distance 
by  proportion.  The  motion  of  the  moon  is  foimd  to  be  sufficiently  uniform,  for  a 
period  of  three  hours,  to  justify  an  intermediate  position  being  inferred  in  this  way,  and 
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it  is  snffioiently  rapid  to  render  her  change  of  place  seniible  eren  in  two  or  three  eeconda 
of  time ;  a  tri^g  correction  for  yariable  motion  will,  however,  be  noticed  hereafter. 

The  lunar  oheerrations  thus  enable  the  mariner  to  dieooTer  the  time  at  Greenwich 
independently  of  the  chronometer,  and  thence  to  determine  the  error  of  his  time- 
keeper; and,  therefore,  by  taking  the  difference  between  this  error  and  that  last 
recorded,  to  apply  the  proper  correction  to  the  mean  daily  rate.  The  lunar  obsenrations 
alom  will  not  enable  the  nayigator  to  find  his  longitude  ;  but  they  enable  him  to  find 
what  o'clock  it  is  at  Greenwich  at  the  instant  the  lunar  distance^was  taken,  and  thus 
to  correct  his  chronometer. 

Knowing,  in  this  way,  the  time  at  Greenwich,  we  can  yery  accurately  compute  the 
declination  of  the  sun  at  the  time  of  obsenration,  or  its  right  ascension,  if  the  distance 
be  that  between  the  moon  and  a  star,  and  thence,  by  means  of  the  latitude  of  the  place, 
loppoeed  to  be  already  known,  we  can  find,  as  explained  at  pages  133  and  188,  the  time 
It  that  place,  and  Ubimoe  the  longitude. 

It  must  be  remarked  that  the  obterved  distance  between  two  celestial  objects  is  not 
the  iru0  distance,  any  more  than  their  observed  altitudes  are  the  true  altitudes ;  these 
latter— the  true  altitudee— it  is  necessary  to  find,  in  order,  from  the  obsenred,  to 
compute  the  true  distance ;  for  it  is  the  true  distance,  as  measured  from  the  centre  of 
the  earth,  that  is  predicted  in  the  Nautical  Almanac ;  in  other  words,  it  is  the  obsenred 
distance  cleared  from  the  effects  of  parallax  and  refraction.  Such  being  the  case,  the 
leader  will  peroeiTe  that  the  deduction  of  the  Greenwich  time,  from  an  obsenred  dis- 
tmoe,  ia  not  wholly  independent  of  all  local  information  to  be  afforded  by  the  ship's 
account :  the  estimated  time  at  the  ship,  and  the  Estimated  longitude,  are  eyidently 
Qaefnl  for  the  purpose  of  enabling  us  to  get  the  semi-diameter  and  horizontal  parallax 
of  the  moan  with  greater  precision,  for  tiliese  quantities,  especially  the  latter,  sensibly 
Tary  horn  noon  to  midnight,  and  they  are  elements  which  necessarily  enter  the  cal- 
culations for  reducing  the  moon's  observed  altitude  to  the  true  altitude. 

We  shall  now  investigate  formula  for  computing  the  true  distance  of  the  moon's 
eenire  firom  that  of  the  sun,  or  from  a  fixed  star,  by  means  of  the  apparent  and  true 
altitudes  of  the  two  objects,  and  their  apparent  distance— that  is,  the  observed  dirtance 
ooirected  fbr  iemi-diameten. 

iBiwestigation  of  ronaulsa  for  Cleaiiiie  the  Lniutx  ]>lstanoe«~In  the 

auiexed  diagram,  let  Z  represent  the 
zenith  of  the  place  of  observation,  and 
ZH,  Z8  the  two  verticals  on  which  the 
ohjects  are  observed.  Let  m,  «  be  the 
observed  places  of  the  moon  and  sun,  or 
of  the  moon  and  a  fixed  star,  and  let 
M,  S  be  their  trae  places.  As  the  moon 
ia  depre«ed  by  parallax  more  than  it  is 
elevated  by  refhustion,  M  will  be  above  m ; 
but  the  aun,  on  the  contrary,  being  more 
elsTated  by  refraction  than  depressed  by  parallax,  S  will  be  below  a. 

The  corrections  lor  dip,  index  error,  and  semi-diameter  being  applied,  observa- 
tion gives  the  apparent  zenith  distances  Zm,  Zt,  and  the  apparent  distance  mt  of  the 
objects   themselves,  and  the  proper  corrections  for  parallax  and  ietnA\i<cs!Q.  \^^\xi^ 
appUed  to  the  apparent  altitndeff,  we  get  the  true  zenith.  diBtaTiCQ%  7^^  7i^  v^^ 
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tiiM  ckjeot  of  the  pfwent  invMtigttion  is  to  determino  1^  trot  dittaaoe  MS  b^ 
compntitioii. 

Let  d  stand  for  the  appamt  diattnoe] 
B    .  ;    tmedistiiiM 

a^tf    .  .    ai^^ent  altitudes 

Ay  A'    •       «       .    true  altttndes 

By  Spherical  Trigonometiy  (Math.  Sciencbs,  page  403)  the  triangle  MZS  givee 
for  cos  Z  the  following  expression,  namely — 

_^_co8D— sinAsiaA' 

cos  Ju  r= J jT 

COS  A  COS  A 

and  the  triao^  m  Z  <  giTes  in  like  manner 

„       cofltf  —  ainasino' 

COB  It  rs: ; 

COS.  a  cos  9 

Heocei  for  the]^deteniqnaJion  of  D  we  have  the  equation 

oog  D  —  sin  A  sin  A'        cos  J  —  sin  a  sin  /i' 


cos  A  cos  A'  cos  0  cos  fli' 

from  whioh'we  have  for  cos  D  the  expression 

-.       cos  ^  —  sin  a  sin  a'         .         *.•.».* 

cos  D  s= ^^  ^  ^.  ^ cos  A  cos  A'  +  sin  A  sin  A'. 

cos  a  cos  a 

Bat  since  ooa  («  +  a*)  =  cos  a  cos  a'  —  sin  a  sin  a',  this  is  the  same  as 

^      eos  <?  +  cos  (a  +  a')  —  cos  tf  cos  flT         .  .,   ,     .     .    .       '^  ^ 

cos  D  =  ' eos4oos4i' ^^  ^  ^^  A'  +  Sin  A  sm  A'  ] 

(cos  rf  +  cos  (» +  a)        .y  .  A»    I      •      A     •      A 

-5  ^ ! L^J — i  —  1 J  cos  A  COS  A'  +  sm  A  sin  A 

i       cos « cos  «f  '  • 

If  the  —  1  within  the  braces  he  suppressed,  we  may  restore  it  by  adding  cos  A  ooi  A^ 
at  the  pnd,  as  is  obvious.    Hence 

TV       cos  rf  +  cos  (fl  +  aT         .  . ,  ,  A    ,    * .. 

006  I>  = ! ^-7^ ■'  cos  A  OOS  A'  —  008  (A  +  A') 

cos  a  cos  a  \      i       / 

The*numerator  of  the  fraction  in  this  expression  being  the  sum  of  two  cosines,  ire 

may  replace  it  by  a  product  &om  the  formula  at  page  309  Mathematical  Scokobs, 

namely — .. 

cos  d  4"  cos  4>  =  2  cos  §  (fi  +  ^)  cos  i  (^  OP  ^) 

so  that  we  have 

p.,      2cos  J  {(fl  +  a') +rf}  cosi  {(«  +  «')  jnrf)  /.   ,   A^ 

cos  D,= ^-i-i — i — i— I- — I /  ^  ^  .-■ — - — — L  cos  A  cos  A'  •—  001  (A+ A*) 

cos  a  cos «  \     •     » 

Subtract  each  side  of  this  equation  from  1,  then  since  by  Trigonometry  (Min* 
S0IBNC98,  p.  310), 

1  —  cos  D  =  2  sin'  J  D,  and  1  +  cos  (A  +  A')  =:  2  cos^  i  (A  +  A') 
the  equation  after  division  by  2  becomes 


COS  a  008  «' 

=  cofl2  i  rA  4-  A'^  h  —  cost  {(g4'«^)  +  <?}  cosj  {(a  +  o')./->rf}ooiAcoaA'^ 
3V^-r^;    (  COS  a  oos  A'  oos^  HA  +  A')  J 

■OXi  calling  the  second  of  these  factors  1  —  sin^  #,  that  is,  cos^  0,  we  have 
sin*  J  D  r=  co8»  J  (A  +  A')  cos*  0 
:,  sin  J  D  =  cos  4  (A  -f  A')  cos  e 
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which  is  known  by  the  name  of  the  formula  of  Borda.  This  formula  consists,  we  see 
of  two  parts :  tha  ilnl  part  dateminas  the  .arq  0,  and  tha  leoond  bj  means  of  0  com- 
putes D.    The  woridog  model  ia  thavefor^  thi8,.na|nely  :->- 

.  ^  y  COS  i  { (g  -f  g')  +  d  ]  cos  j  { (g  +  gQ  </>  il )  cos  A  cos  A'  \ 

^^  ^  cos  g  cos  g'  cos'-*  J  (A  4-  A')  J  (I) 

■in  i  D  ss  cos  i  (A  -Ir  A')  qos  •  3 

from  which  we  sea  that  Cba  entire  work  for  determining  the  truk  diataneo  D  may  bo 
conducted  by  logaiithmB. 

It  may  be  worfli  while  to  ramark,  that  we  were  fully  juatiftad  in  assuming  that  the 
fraction  in  the  foregoing  expression  for  sin^  ^  D  could  be  represented  by  sin^  9 ;  for  this 
was  only  asmiming  that  the  Araotion  must  bo  less  than  unity,  or  that  the  expression 
within  the  braces  ia  poaitiTa,  which  it  necessarily  is,  because  sin-  }  D  is  necessarily 
pontiye.  A  deairahla  feature  in  this  method  of  clearing  the  lunar  distance  is,  that 
sines  and  cosines  are  the  only  trigonometrical  quantities  employed  in  it ;  a  circumstance 
which  not  only  aflbrda  xaliaf  to  the.memory,  but  at  the  same  time  facilitates  reference 
to  the  tables. 

Rule  for  CleMiiit  tke  Xiuiuur  Distance.---The  atepa  for  calculating  D  from 
the  formula  just  estahUshed  may  be  described  in  words  as  follows  : — 

Rule  1.  Add  together  the  apparent  distance  and  the  apparent  altitudes ;  take  the 
difBteanoe  batwoea  half  their  sum  and  the  apparent  distance,  and  undameath  the  result 
write  Hm  traa  aidtndea;  and,  leaving  a  gap  for  two  lines,  then  write  half  the  aum  cf 
the  inn  altitudea :  tha  whoU  anm  may  be  interposed  ia  the  space  thua  left. 

2.  neae  dizbotiensliaving  been  complied  with,  it  will  be  faund  tliat  nim  area  hare 
bean  written  down,  the  apparent  distanoe  being  the  first.  Then  diaragarding  the  first 
in,  as  dso  iSbm  teith  avo,  iHiioh  ia  the  anm  of  the  preceding  tiirea,  write  opporita  to 
each  of  tiie  oHur  aMM,  towards  the  right,  the  word  aottVM,  prefixing,  however,  <*  eomph^ 
ment"  to  tiia  first  two.  BafiMr  to  the  tU>le  of  sfatoa  and  oosines  for  the  quantitiea  tiina 
indicated,  pnlftnigajifttf  mark  after  the  laatoostne,  and  a  auiitM  maik  in  front  of  it 

3.  Add  np  tha  firat  six  of  the  nnmbeva  thus  placed  in  eolomn,  divide  the  sum  by 
t,  aadaiditEaet  the  cosine  prcrrioosly  marked  with  the  minuti  the  remainder  will  be 
8in0. 

{Thaee  three  piecepts  eondnct  ns,  therefore,  to  the  value  of  the  first  of  the  two 
sxpzeniona  in  the  formula  (1)  above:  the  fourth  precept  following  enables  ua  to 
compnte  the  ■eooud  expression]. 

4.  Take  out  eos  0,  putting  a  fthta  mark  after  it,  and  add  it  to  tho  cosine  with  the  + 
afierit ;  the  mm  will  be  ain  i  D ;  taking,  thereforD,  the  corresponding  are  i  D  out  ef 
the  taUas^  and  nniMplying  it  by  2,  we  haye  the  true  distance  sought 

JBxainplei. 

I,.  Suppose  the  apparent  distance  between  the  centres  of  the  eun  and  moon  to  be 

83*  57*  53",  the  apparent  altitude  of  the  moon's  centre  27°  34'  5",  the  apparent  altitude 

ef  tbeeim'fl  esaitre  iS""  27'  32",  the  true  rititude  of  the  moon's  centra  28^  20'  48",  and 

the  true  aUitnde  of  the  sun's  centre  48°  26'  49" :  required  the  true  distance. 

Here  d  =  83'  67'  83",  a  =  27'  34'  5",  a*  =  48*  27'  32" 

A  =  28"  20' 48",  A' =  48^  26' 49" 


I  and  proceeding  by  the  rule,  the  woik  will  stand  thus ; — 
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d    83«57*33" 

a    27"  36'   5"    .    .    .    .    comp.  coa    •0623390 

a*   48*  27' 32"    ....    comp.  cos    -1783835 

2)169'  69'  10" 

i  sum  79*  69'  36" cos  9*2399686 

I  sum  if^  d  3*  67'  68" cos  9*9989687 

A  28"  20' 48" cos  99446276 

A'  48*  26' 49" cos  98217187 

A+A'   76*  47' 37"  2)39-2358960 

19-6179480 
J  (A  +  AO    38*  23'  48"! -  cos    9-8941664+ 

B    31*  67'  63"}  ......    sin    9-7237826 

B       cos   9-9286870+ 

JD    41*  40' 27" sin    9-8227524 

.-.  D  s=  88*  20'  64" 

In  the  foregoing  operation  more  attention  is  paid  to  minute  quantities  thata  is 
necessary  in  actual  practice.  Fractions  of  a  second  are  of  course  always  disregarded 
at  sea :  seconds  themselTes  are  indeed  rery  frequently  neglected ;  but  this  negligence 
in  problems  like  the  present  is  by  no  means  to  be  commended.  A  taUe  of  sines  and 
cosines  computed  to  eyery  10  seconds— such  as  the  <*  Tables  Portatives"  of  Gallet— will 
enable  the  computer  to  take  account  of  his  seconds,  without  entailing  upon  him  any 
extra  work  w(»th  mentioning.  Tables  of  logarithmic  sines  and  cosines,  computed  to 
eyery  ten  seconds,  will  also  be  found  in  the  Nautical  Tables  of  Inman  and  Mackay. 

The  reader  will  haye  obaenred  that,  agreeably  to  what  is  recommended  at  page  32 
of  the  Int&oduoxion,  the  preceding  rule  directs  that  the  table  employed  should  not  be 
applied  to  till  the  work  can  be  adyanoed  no  further  without  its  aid ;  and  that  when  it 
is  once  in  hand  all  the  extracts  from  it,  preyiously  to  the  determination  of  9,  should  be 
made  before  it  is  laid  down.  As  a  and  A  are  always  pretty  close  together,  cos  A  may 
be  taken  out  of  the  table  immediately  after  comp.  cos  a ;  and  as  a'  is  in  like  manner 
in  dose  neighbourhood  to  A',  cos  A'  may  be  takea  out  inunediately  after  comp.  cos  tf*. 

The  aboye  is,  of  course,  a  rigorous  method  of  clearing  the  lunar  distance  from  the 
eilfoots  of  parallax  and  refraction,  and  proyided  only  that  the  data  ftmiahed  by  the 
obieryations  be  correct,  is  perfectly  accurate.  By  hdp  of  an  auxiliary  table,  like  that 
which  fbrms  table  XLII.,  in  the  second  ydume  of  Br.  Mackay's  treatise  on  the 
Longitude,  the  operation  may  be  shortened.    The  table  alluded  to  suppUea  tfie  yalue  of 

the  expression  log  -^^^5*  ▼^<^  ^  ^^^  ^  "Logarithmio  J^SSS^'ikii: 

cos  #  008  9f 

unlike  some  of  the  subsidiaiy  tables  for  abridging  the  calculations  nKfiMA&  the 
direct  methods  of  working  the  present  problem,  it  may  always  be  used  witii  oonfitace; 
this  part  of  the  trigonometrical  operation  may  therefore  be  shortened  withoH^fby 
sacrifice  of  accuracy.  In  general,  howeyer,  the  indirect  methods  of  clearing  ^m&Kt 
distance,  though  often  shorter  than  the  direct  methods,  are  proportionaUy  defiAMBlrin 
pnetaioD,    And  the  aathor  oonoeiTW  that  tha  itrifit  aocuiaoy  of  the  results,  and  the 
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unhesitatmg  conAdence  that  may  oonaequently  be  always  placed  in  the  condvaions  of 
the  direct  methods,  by  spherical  trigonometry,  produce  a  degree  of  satisfaction  which 
more  than  compensates  for  the  trouble  of  a  few  additional  references  to  those  common 
tables  with  which  erery  calculator  may  reasonably  be  expected  to  be  abundantly 
familiar. 

It  will,  no  doubt,  occur  to  the  reader,  that  instead  of  oomp.  cos,  secant  may  bo  used ; 
obserring  to  reject  tiie  index  10  firom  each  secant 

2.  The  apparent  distance  of  the  moon's  centre  from  the  star  Begulus  was 
63"*  35'  14",  the  apparent  altit>ide  of  the  moon's  centre  24**  29'  44",  the  apparent 
altitude  of  the  star  i6^  9'  12",  the  true  altitude  of  the  moon's  centre  26"  IV  45",  and 
the  true  altitude  of  the  star  45**  8'  15" :  required  the  true  distance. 

d  63»  35'  14" 

a  24*  29'  44"  .  .  .  comp.  cos  -0409617 

a'  45*  9'  12"  .  .  .  comp.  cos  -1516803 

2)183*  14'  10" 

i  sum  66*  37'    5" cos  9-5986359 

i  sum  end    3*    1'  51" cos  9-9993921 

A  25*  17'  45" cos  9-9562230 

A'  45'    8'  15" cos  9-8484402 


A  +  A'  70*  26'    0"  2)39-5953332 


19-7976666 
J  (A  +  A')  35'  13'    0"    .    .     .    .     —  cos  9-9122099  + 

e  50*  11'  23" Bin  9-8854667 

e cos  9-8063479  + 

iD  31*  32'  17J" sin  97185578 

.-.  D  ss  63'    4'  36" 

Oa  Maliliig  the  O^serrations.— In  taking  a  lunar  distance  at  sea,  it  is  desir- 
aUe  that  there  should  be  thre$  obserrers ;  one  of  these  measures  the  distance  between 
the  limbs  of  the  sun  and  moon,  or  between  the  limb  of  the  moon  and  the  selected  star, 
and  the  other  two  take  the  altitudes  of  the  objects  at  the  instant  the  distance  is 
dbtaSsed.  A  dnfjie  distance,  and  a  single  corresponding  pair  of  altitudes,  is  not  in 
geneial  considered  as  sufficient ;  but  a  set  of  distances,  and  a  set  of  corresponding 
altitudes,  sfo.  usually  taken,  allowing  as  little  time  as  possible  to  intervene  between 
eaeh  dbsenration:  the  mean  of  the  distance,  and  the  corresponding  means  of  the 
altitudes,  are  then  employed  in  the  calculation. 

I^  howerer,  there  be  but  one  observer,  it  will  be  necessary  that  he  have  the  aid  of 
an  assistant,  to  note  by  the  watch  interrals  of  time,  the  observer  proce^dn^^  %9&  i<c^<^^%.  ^ 
If  Let  the  altitude  of  the  sun  or  star  be  taken ;  2,  then  the  altllude  oi  lOki«  tslooh-^  ^>  «^ 
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s^t  of  distances ;  4,  s&oiher  aHHude  of  the  moon ;  9,  «notk«r  ahitade  of  iSom  tun  or 
'Btax ;  the  times  of  each  obsenration  bekig  noted.  ThMi  let  the  means  of  tibe  distances 
JEmd  times  of  observing  them  be  taken ;  and  reduce  the  altitudes  to  the  mean  time 
ihMta  found  by  proportion.  These  are  the  direotions  given  by  ^orie ;  but  Lieut.  Baper, 
an  experienced  practical  navigator,  recommends  as  follows :— "When  the  observer  is  alpne, 
he  iviU  first  observe  the  altitude  of  the  (>bjeet  flkrthett  ^m  the  meridian,  then  that  of 
the  other  object,  and  then  the  distance,  coneludiAg  with  the  altitudea  in  1^  rev^nse 
erder ;  the  reason  of  this  order  is,  that  the  outer  object  preaervee  unifomdty  in  its 
change  of  altkude  fbr  a  longer  time  than  the  other,  az>d  eonaequently  its  altitude  may 
h&  reduced,  by  simple  proportion,  to  an  intermediate  time  with  less  error  thaa  the 
altitude  of  the  other  object ;  we  may  add,  however,  tiiat  it  is  detiiable  ifaat  ih»  outer 
object  should  not  be  the  moon. 

When  the  ship  has  much  motion,  the  observer  fixes  himself  in  a  comer,  or  lies  on 
his  back  on  the  deck,  to  take  the  distance,  in  order  to  remove,  as  much  as  possible,  the 
sense  of  bodily  effort  and  inconvenience  which  disturbs  the  eye  and  the  attention. 
Three  or  five  distances,  at  least,  should  be  taken ;  less  precision  is  necessary  in  taking 
the  altitudes  than  in  observing  the  distance,  so  that  one  altitude  of  each  object, 
taken  -svith  ordinary  osre,  will  in  general ,  suffice,  when  the  time  at  the  ship  is  not  to 
be  deduced  as  well  aa  tlie  true  distance. 

Other  Metliods  off  Cleaning  the  Distance.— As  the  problem  of  deducing  the 
true  lunar  distance  from  the  ohserved  distance  is  one  of  such  note  and  importance  in 
Nautical  Astronomy  we  shall  present  the  reader  with  some  other  methods,  all  like  that 
of  Borda  just  given,  conducted  by  the  rigorous  principles  of  sphericaT  trigonometry,  and 
requiring  only  the  common  logarithmic  and  trigonometrical  tables ;  that  is,  only  the 
logarithms  of  numbexs,  and  the  natural  and  logarithmic  sines  and  cosines. 

The  first  of  these  additional  methods  which  we  shall  olTer  i^  that  of  Delambre,  the 
formula  for  which  oiccurs  in  the  investigation  of  the  method  given  at  page  146) 
namely — 

cos  D  =  2  cos  i  {(<r+  a^)  rf-  d}  cos  j  {(a  +  a')  <r>  d]  cos  A  cos  A^  _  ^^         ,   ^. 

cos  a  COS  a'  \     ~     r 

The  logarithift'ef  the  first  expression  in  this  fofmuliiis  oalculated  as  in  the  method  of 
Borda ;  then  the  natural  number  answering  to  that  logarithm  is  taken  out  of  the  table, 
and  the  natural  cosine  of  (A  -{-  A')  subtracted  from  if ;  the  remaliAder  is  the  natural 
cosine  of  the  true  distance.  As  this  is  a  sort  of  mixed  method,  requiring  reference  to 
both  logarithado  ABd.  natural  oosin^  attieation.  mutfe  he  vvA  ttfi  *im  ^Wf^f4  j^^us 
iA'psBHiag  from  one  to  the  eihsr :  the  exprefsioii  wbieh  it  ii  here  pr^oaed  to  4ni  the 
conuDom  logaritiim  o^  will  supply  fouoraMtvve  logarithms  avii  two  aubCra^tive  eaes^ 
hcnooitwa  tew^  eridd,  mast  he  suppressed  la  the  result  (pageS^) ;  hat  iC  the  aritl^ 
metittal  aomplBnieiitB  ef  log^cos  a,  log  ooa  d,  be  ceiltfe^,  tben  £imr  teii%  m  40,  ^imst  be 
aoppreased,  and  :the  leaulb  will  then  be  the  erdinary'  logavithm  of  the  e^^i'eflaiofay:  smI 
foom-die  number  answedng  theveto,  ihe.nat  ees-^  4*  A')  is  to  be.  auhtraetied^  f»^ 
fetfmula  iadiostes. 

Taking  the  example  at  page  148,  in  whidk  ..-.  >    \ 

.      A  afc  28*  2^  #8",  A'  =  48»  26*  4»" 
A^oppTation  hy^e  dbove  rtethod  of  Delambre  w31  ttand  arranged  as  i&Uewe:---   ■  - 
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d  83°  5r  33"  .  .  .  Qomp.  oos  *0523390 
a  27''  34'  6"  ,  ,  ,  comp.  oos  -1783835 
a'  48^  27'  32"  log.  2  -3010300 

•      2)lff9»  69'  10" 

i  Bum  79°  59'  35" cos  9*2399686 

i  sum  />  d    3**  57'  58"  .....  oos  9*9089587 

A   28*  20'  48" 008  9  9445275 

A' 28°  26' 49"  .....  00898217187 

log  -3442921  =s  r*5369260  (40  sapprewed) 
A  +  A'  76°  47'  37'*  nat.  «50b  -2284595       

D  83'  20'  54"  nat.  cos  1158326 


>Uier  formuIflD  may  be  inyestigated  as  follows  :— 

le£iciixig  to  tho  tiro  t xpreafioiui  for  cot  Z  at  pago  146,  we  haye 

,         7      oogP-hco8Aco<A'  —  sinAsinA'  _  cogD  +  co"  f A  -f  A*) 
-fr«0A/^s  cosAcosA'  "•         ooeAeosA' 

+   _   cos  <^  -4>-  cos  a  oos  a'  —  sia  •  am  a'   ooi  4^  -H  oo«  (•  4*  ^O 
cos  ^  US  — — — . -^     '* , 
eoa«oos#'            coa^ooeA' 

cOflD-fco8(A-i-A0_  cos <l  -f  qo«  («  -f  ^ 
•  •    000  A  cos  A''    "^    cos  a  cos  tf' 

/.  cooD={owil  +  eoa(aH-«0}£2!Li£2L^--coa(A  +  AO    <l> 

^  '         ^'^'cosaoosa'  \i/  ^/^ 

Vom  the  saliie  tvo  expressions  for  cos  7,  we  also  haye    , 

„      cos  A  cos  A'  +  sia  A  sin  A'  -^  ooa  D       oos  (A  a>  A')  —  cos  D 

—  cos  It  ZZZ  •'-'    -^-V IT 2S!   T T-; 

COS  A  COS  A  cop  A  cos  A. 

y cos  g  coe  <i^  +  g"^  ^i^  J^  ^i^'  —  cos  <f cos  (a  <y>  a')  ■>—  cos  rf 

"^  eos,  a  cos  a  cos  a  cos  a' 

cos  ( A  wr>  A')  —  cos.  D eof  (ggn  g')  —  eos  il 

cos  A  cos  A'  cos  a  cos  g' 

/.oosD='{cos*rf  — cos(gi/)g'))  ?^A52!L4'-j-cofl(A^  A') (2) 

V,    .         ..  ^  '    cosgcosa'    '  ^  .        . 

Wibrmtdia  tnatked  (1)  and  (2)  Iffe  tolerably  commodious  by  lielp  of  the  common 
rithmio  tables ;  as  an  exemplification  of  their  advantages,  we  shall  solve  the 
iple  iikipage  149  by  each.  Li  this  exampk  the  following  quaatitief  are  giyen, 
dy—  ' 

d  =  63°  35'  14",  g  ==  24°  29'  44",  «r  =s:  4^  9'  12"  \ 

X=i26^l  r  45",  A'  =  46°  8'  16"  \ 
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Determination  of  B  by  ft 

d  63^  35'  14"  nat.  cos  -4448349  + 
a  24»  29'  44" 
a'  45»    9'  12" 

yrmvla  (1). 

Loga 
.    comp.  cos 
.    comp.  cos 

.    cos 
.    cos 

rithms. 
•0409617 
•1516803 

1-8990579 

9-9562230 
9-8484402 

a  +  a*  69'  38'  56"  nat.  cos  -3477722  + 
natural  number  -7926071-  . 

A  25»  17'  45"                               .        . 
A'  45°    8'  15" 

natural  number -7877042  . 

T-8963631 

A  +  A'  70°  26'    0"  nat.  cos  -3349034  — 

D  63°    4'  35"  nat.  cos  -4528008 

With  the  exception  of  the  middle  logarithm  in  the  column  on  the  right,  the  sum  of 
the  numbers  in  that  column  may  be  found  at  once  by  a  table  of  the  Logarithmic 
Difference  as  already  noticed  at  page  148.  Of  all  the  auxiliary  tables  employed  in 
Nautical  Astronomy^  or  at  least  in  that  part  of  it  with  which  we  are  here  occupied,  the 
table  alluded  to  is  perhaps  the  most  useful ;  the  element  it  furnishes  enters  into  nearly 
all  the  methods  of  clearing  the  lunar  distance. 

As  far  as  the  author  knows,  the  method  just  given  is  new ;  but  rules  for  dealing 
the  distance  are  so  numerous,  that  it  is  more  than  probable  it  has  appeared  elsewhere. 
In  working  by  this  method,  it  is  best  to  take  the  formula  itself  as  a  guide,  and  to 
attend  to  the  algebraic  sign  of  the  factor  /cos  d  -f  cos  (a  -{-  <i)  \  •'  if  this  should  be 
negative,  the  first  natural  number  above  is  still  to  be  treated  as  positive ;  the  second 
natural  number,  which  is  the  product  of  the  two  factors  in  the  formula,  will  theo, 
however,  be  negative,  and  from  this  negative  number  the  nat.  cos  (A  -(-  A')  is  to  be 
subtracted  as  above. 

Determination  o/B  hy  formula  (2). 

d  63°  35'  14"  nat.  cos  -4448349  + 
a  24'  29'  44" 
o'  45»    9'  12" 


a  ^a'  20°  39'  28"  nat.  cos  -9357042  — 


natural  number  -4908693 


A  25°  17'  45" 
A'  45^    8'  15" 

natural  number  -4878329 
A  v»  A'  19°  60'  30"  nat.  cos  -9406841  + 


comp.  cos 

•0409617 

comp.  cos 

•1516803 

.        , 

T-6909659 

.    cos 

9-9562230 

.    cos 

9-8484402 

• 

T-6882711 

L 


D  63'    4'  35"  nat  cos  -4528012 
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The  first  of  the  preceding  natural  numbers  is,  by  the  fonnula,  negative,  though 
treated  as  positiTe.  In  consequence  of  this,  the  second  natural  number — ^which  is  the 
product  of  the  two  factors  in  the  formulae-is  also  negative,  so  that  cos  I)  is  the 
difference  between  the  last  nat  number  and  cos  (A  ^  A'). 

This  last  method  of  clearing  the  distance  is  the  same  as  that  proposed  by  Mr.  Eoithf 
in  his  treatise  on  Trigonometry,  and,  like  the  one  previously  given,  is  capable  of 
abridgment  by  means  of  the  table  of  **  Logarithmic  differences." 

The  reader  will  observe  that  the  natural  cosine  of  B,  arrived  at  above,  differs  by 
four  units  in  the  seventh  place  of  decimals  from  the  natural  cosine  of  I)  in  the  former 
method,  although  the  resulting  arcs  differ  only  by  a  fraction  of  a  second.  Occasional 
insignificant  discrepancies  of  this  kind  must  be  expected,  in  working  the  same  example 
by  different  methods  with  tables.  In  looking  at  the  *'  cUfforences"  in  tables,  it  will  bo 
seen  that  in  some  parts  the  difference  between  two  consecutive  numbers  is  large,  and 
in  other  parts  smaU.  In  proportioning  for  an  intermediate  number,  in  the  former  case 
a  comparatively  large  difference  will  have  but  small  infiuence,  while  in  the  latter  case 
a  comparatively  small  difference  may  have  a  very  sensible  effect.  But  a  discrepancy 
ui  the  seventh  place  of  decimals  is  of  no  moment  even  in  working  to  seconds. 

All  the  preceding  methods  of  clearing  the  lunar  distance  are  independent  of  sub- 
sidiary tables ;  a  large  collection  of  compendious  rules  for  working  the  problem  by 
speciid  tables  will  be  found  in  Dr.  Mackay's  valuable  treatise  on  the  Longitude ;  and  a 
very  short  fbrm  of  operation  is  also  given  by  Mr.  Woolhouse  in  the  Appendix  to 
White's  Ephemeris,  1855. 

Befbre  leaving  Ihe  present  problem,  it  may  be  useful  to  observe  that  the  altitudes 
of  the  objects  are  not  required  to  that  precision  with  which  the  distance  should  be 
taken :  thia  is  a  desirable  circumstance,  because,  from  the  frequent  obscurity  of  the 
sea  horixon,  it  is  more  difficult  to  get  the  altitudes  accurately  than  the  distance.  If 
rsference  be  made  to  any  of  the  formulae  given  in  the  preceding  pages,  it  will  be  seen 
that  d  remaining  the  same,  a  small  alteration  in  the  values  of  a,  a',  and  the  same 
alteration  in  those  of  A,  A',  cannot  produce  any  sensible  effect  upon  the  value  of  D  : 

the  factor  7 ,  the  logarithm  of  which  is,  in  nautical  tables,  called  the 

cos  a  cos  a'  '  ®  '  ^ . 

Logarithmio  Difference,  is  always  very  nearly  equal  to  unit,  as  is  obvious ;  and  this  is 
the  principal  reason  why  a  small  error  in  the  altitudes  does  not  sensibly  effect  the 
distance.  It  is  of  importance,  however,  that  the  proper  corrections  be  carefully  applied 
to  the  observed  altitudes  to  obtain  the  true  altitudes,  even  though  the  former  should 
not  have  been  taken  with  precision— the  relative  values  of  the  observed  and  true  alti- 
tudes must  still  be  preserved.  With  a  view  to  the  determination  of  the  longitude  from 
the  lunar  distance,  accuracy  in  these  corrections  is  of  much  importance ;  and  the 
neglect  even  of  those  depending  upon  the  state  of  the  atmosphere,  as  indicated  by  tho 
barometer  and  thermometer,  will  sometimes  occasion  an  error  of  more  than  thirty 
nunutea  of  longitude. 

From  what  is  hero  said,  the  learner  will  perceive  that  a  few  seconds  may  always  be 
isfiBly  added  to  or  subtracted  from  the  observed  altitudes,  if  such  a  modification  be 
found  to  facilitate  the  calculation,  the  seconds  may,  for  instance,  be  always  made  a 
multiple  of  1 0.  The  observed  altitudes  may  indeed,  without  occasioning  any  appreciable 
ener  in  the  leault,  be  taken  to  the  nearest  minute,  and  even  an  imperfect  altitude,  that 
may  err  from  the  truth  by  so  much  as  two  or  three  minutes,  may  atali  \m  vck^^q^^ 
^Ui  safety,  provided  the  time  if  not  to  be  computed  as  well  as  the  OlisUucq.   \\iTXi^%^ 
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cases  an  error  of  altitude  to  the  extent  of  10  minutes  will  aflfect  the  rasulting  distance 
by  less  than  that  number  of  seconds.  It  is  also  worthy  of  notice  that  the  apparent 
distance  itself  may  be  so  modified  as  to  bo  rendered  free  from  seconds,  provided  that, 
when  B  is  deduced,  the  seconds  of  error,  whether  in.  defect  or  excess,  be  iq^^^ed  in  the 
reverse  way  to  D. 

But  except  in  the  merely  approximatiye  methods  of  solution,  seconds  cannot  be 
wholly  dispensed  with  throughout  the  work :  the  corrections  for  deducing  the  ob«erved 
altitudes  to  the  true  will  always  introduce  them.  By  means,  however,  of  the  tables 
already  referred  to,  in  which  the  trigonometrical  quantities  are  computed  to  every  ten 
seconds  of  the  arc  or  angle,  the  proper  allowamoe  for  the  odd  aeooads  may  always  be 
made  with  but  comparatively  little  extra  trouble. 

Examples  for  Exercise, 

1.  The  apparent  distance  between  the  moon's  centre  and  a  star  is  64°  36'  40" ;  the 
apparent  altitude  of  the  moon's  centre  44°  38' ;  the  apparent  altitude  of  the  star  1 1°  51' ; 
the  true  altitude  of  the  moon's  oentre  45''  15'  38"  ;  and  the  true  altitude  of  the  star 
11°  46'  33" :  required  the  true  distance.  Ana.  D  =  64°  46'  14". 

2.  The  iq[yparent  distance  between  the  centres  of  the  sun  and  moon  is  lOS"*  14'  84'; 
the  apparent  altitude  of  the  moon's  centre  24*"  50' ;  the  apparent  altitude  of  tke  sun's 
centre  36''  25' ;  the  true  altitude  of  the  moon's  centre  25°  41'  39" ;  and  the  trae  altitude 
of  the  sun's  centre  36°  23'  50" :  required  the  true  distance.    Ans.  D  =  167**  SST  1". 

3.  The  apparent  distance  between  the  centre  of  the  moon  and  a  star  ia  ^l*"  28'  30"  *, 
the  apparent  altitude  of  the  moon'a  centre  12°  30'  4" ;  the  apparent  altitude  of  the  star 
24*"  48'  17" ;  the  true  altitude  of  the  moon's  centre  13°  20'  40" ;  and  the  true  altitude 
of  the  star  24°  46'  14" :  required  the  true  distance.  Ana.  D  =:  51°  d'  4^". 

4.  The  apparent  distance  between  the  moon's  centre  and  a  star  ij»  31°  IST  26"  \ 
the  apparent  altitude  of  the  moon's  centre  8°  26'  13" ;  the  apparent  altitwde  of  the  star 
35°  40' ;  the  true  altitude  of  the  moon'a  centre  9°  20'  45" ;  and  the  true  altitiide  of  the 
star  35°  38'  49" :  required  tho  tme  distance.  Ans.  B  =:  30^  28'  56". 

5.  The  apparent  distance  of  the  centres  of  the  sun  and  moon  is  90^  21'  17" ;  the 
apparent  altitude  of  the  moon's  centre  5°  17*  9^ ;  the  apparent  altitude  of  the  sun's 
eentre  84°  7'  20" ;  the  tiua  altitude  of  the  iMon's  centre  6°  0'  14" ;  and  the  true  alti* 
tilde  of  the  son's  eentre  84*'  T  l&' :  required  the  true  dbtanoe.  Ans.  B  =:  W  9ff  18T. 

NoTB.— The  mediod  of  finding  the  true  distance  between  tbe  centre  of  Ijie  moon 
and  a  star  is  the  same  as  that  ibr  tiie  distance  between  the  moon's  centre  and  a  planet; 
ia  the  case  of  a  star,  the  true  altitude  is  deduced  from  tbe  apparent  ahitnde  by 
applying  the  correction  for  refraction  merely ;  but  in  the  case  of  a  planet,  a  correction 
may  be  necessary  for  the  parallax  in  altitude.  But  in  general  this  corxectloa  may  be 
neglected,  as  it  is  usually  too  small  to  be  of  much  importance. 

On  Computing  the  Altitndea.— It  sometimes  happens  that,  theo^  ckeMfri 
stances  may  be  ikvomaUe  far  taking  a  hmsor  distance^  yci  the  obsonrity  of  the  korizon 
may  present  an  obstacle  to  the  observatkms  ftr  altitude ;  in  sack  a  ease  the  tme 
altitudes  will  have  to  he  eompated,  and  from  these  the  appanmt  ■i*^<ivItb  mmf  hi 
dedttoed,  by  applying  the  eonreetioaa  the  contrary  way*  To  oooipute  an  •T^Hndft  It  k 
aeoessary  to  know  the  hour-angle,  or  angolar  distMsce,  of  the  obfeot  from  tfaa  «i^i<ii«^ 
If  the  ohjeet  be  the  snn^  tfak  angle  is  the  appareait  time  from  the  meridian;  and  as  tht 
sltitude,  as  already  remarked,  is  not  required  with  precision,  the  estimated  time  at  the 
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ship  will  onswer  for  the  parposo.  If  tho  object  be  the  moon  or  a  star,  the  suii's  right 
aaoonnon,  at  the  instant,  must  be  incroAjti^d  or  diminished  by  tho  apparent  time, 
aeoording  as  this  time,  is  p.m.  or  a.m.,  to  get  tho  right  ascension  of  tho  meridian ;  tho 
diflbrenee  between  this  and  the  right  ascension  of  the  object  is  the  hour-angle  or  the 
meridian  distance  of  the  object.  Tho  hour-angle  being  thus  found,  a  formula  for  tho 
altitude  may  be  iuTestigated  as  follows : — 

Let  P  be  tho  hour-angle,  /  the  co-latitude,  s  tho  oo-altitudo,  and  ptho  polar  distance 
or  eo-deolination.    Then  the  fundamental  formula  of  spherical  trigonometry  gives, 

Pcos  5  —  cos  /  cos  p 
sm  1 8in  p 
,\  cos  s  =  coa  /  cosp  +  sin  /  sin  p  cos  P ;  but  cosP=l  —  2  8in*JP 
/.  cos  2  ^  cos  /  cos  ^  -|-  sin  /  sin  p  —  2  sin  /  sin  p  sin  'J  P 
.".  cos  «  =  cos  (/  c/5  p)  —  2  sin  /  sin  ^  sin  ' J  P  .  .  .  (1) 
By  means  of  tables  of  natural  and  logarithmic  sines  and  cosines,  tho  co-altitude 
c  may  be  obtained  from  this  formula ;  but  to  adapt  it  wholly  to  logarithms,  let  I  bo 
added  to  each  side  of  the  equation,  then  remembering  that  1  -f-  cos  A  ^  2  cos  'i  A, 
ve  have,  upon  dividing  by  2, 

cos  '1  z  =:  cos  'i  (/  </5  p)  —  sin  /  sin  p  sin  'JP 

=  coa  ^i  (/  (/^  p)  ( 1  —  sin  /  sin  p  uin  -J  P  sec  ^}  (/  «/)  I?)] 
Put  008  ^IC  for  tho  expression  within  tho  braces ;  then  for  computing  the  altitude  «, 
that  ia  the  complemtnt  of  s,  we  have  the  following  formula, — namely, 
sin  H^  sin  §  P  seel  (I '^  p)  |/sin  Iwap} 
sia  }  (a  +  W)  =  cos  }  (/  cr  j»)  coa  M     ) 
or^  whioh  if  peorhapa  a  littk  moro  convenient, 

BxnK=      ^  ^      ^  t/sin/sinj> 

ooTRl  ^p)  :.  .  ,  .  (2) 

sin  )(a  +  90*^)  =  coa  i  (/  un  p)  cos  M) 

Suppose,  fbr  ezam][^e,  that  by  means  of  the  estimated  time  at  the  ship,  and  tho 
longitude  by  account,  the  moon's  angular  distance  ft'om  the  meridian  is  found  to  bo 
S3°  30',  at  the  time  of  taldng  a  lunar  distance  in  latitude  88"  14',  the  moon's  eo- 
deeHnatlon  reduced  to  the  time,  being  64^  18'  18" ;.  required  the  apparent  altitude  by 
OMuputatioiiythe  obscurity  of  the  horizon  preventing  an  observation.    Working  by  the 
ftfnrala  (2)  the  operation  is  as  follows,  where  P  =  38*  SO*,  p  =  64»  13*,  /  =  5V  46' : 
/ 51*46'    .    .    .   isin  4947572 
p  64«  13'    .     .    .  J  ain  4977228 
JP  16*  45'    .     .    .       sin  9  459688 
i(7  </)  p)    6"  13}'  .     comp.  cos     002568    ...    cos  9-997432 

sin  9-387056    •    .    .    oos  9*986688 


Ha  +  90')  a:  74°  35'      ...    ain  9-984116 
a  


.*.  a  =  59"  12'  the  true  altitude 
correction  for  paraliaz  and  refraction    —  28' 


58°  44'  the  apparent  altitude. 
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It  is  obvioas,  that  in  strictness,  the  correction  for  parallax  and  refraction  should  be 
taken  out  of  the  tables  in  accordance  with  the  apparent  altitude,  not  the  true  altitude : 
the  correction  above,  therefore,  belongs  to  an  altitude  somewhat  too  great,  so  that  only 
an  approximate  apparent  altitude  is  in  reality  deduced  from  the  true  altitude.  The 
proper  correction  may,  however,  be  found  by  again  entering  the  table  with  this 
approximate  apparent  altitude ;  we  shall  thus  get  27'  54"  for  the  conection  instead  of 
28',  so  that  the  correct  apparent  altitude  is  58°  44'  6". 

Unless  the  time  at  the  ship  is  to  be  deduced,  precision  is  not  necessary  in  computing 
the  true  altitude :— seconds  may  always  be  disregarded,  and  the  result  found  to  the 
nearest  minute  as  above.    But  seconds  should  not  be  neglected  in  Hke  corrections. 

It  is  of  importance  that  the  practical  navigator  have  a  due  appreciation  of  the  value 
of  small  quantities  in  the  computation  of  the  true  lunar  distance :  it  is  only  in  the 
apparent  altitudes  that  precision  can  be  dispensed  with.  In  finding  latitude,  if  the 
result  be  brought  out  to  the  nearest  minute  the  demands  of  practice  will  be  fully 
satisfied,  as  the  error  cannot  exceed  half  a  mile ;  but  an  error  of  only  twenty-two 
seconds  in  the  lunar  distance  will,  on  the  average,  occasion  an  error  of  ten  minutes  of 
longitude,  which,  except  in  high  latitudes,  is  equivalent  to  seven  or  eight  miles,  and 
within  36'  of  latitude  the  error  would  range  from  eight  to  ten  miles.  Too  much  pains 
and  caution  cannot  therefore  be  exercised  in  observing  a  lunar  distance :  the  instrument 
should  be  of  the  very  best  description,  and  the  observer  should  have  a  well-disciplined 
eye ;  but  the  corresponding  altitudes  may  be  safely  taken  by  a  less  skillful  person. 

An  interesting  incident  is  related  by  the  late  Captain  Basil  Hall,  an  officer  who 
was  highly  accomplished  in  the  science  of  his  profession.  He  once  sailed  from  San 
Bias,  on  the  west  coast  of  Mexico ;  and  after  a  voyage  of  eight  thousand  miles,  occu- 
pying eighty-nine  days,  he  arrived  off  Bio  Janeiro,  having  in  this  interval  passed 
through  the  Pacific  Ocean,  rounded  Cape  Horn,  and  crossed  the  South  Atlantic,  without 
making  any  land  or  even  seeing  a  single  sail,  with  the  exception  of  an  American 
whaler  off  Cape  Horn.  When  within  about  a  week's  sail  of  Bio,  he  set  seriously  about 
determining,  by  lunar  observations,  the  longitude  of  his  ship,  and  then  steered  his 
course  accordingly  by  those  common  principles  of  navigation  which  may  be  safely 
employed  for  short  distances  between  one  known  position  and  another. 

Having  arrived  to  within  what  he  considered  from  his  computations  to  be  about 
fifteen  or  twenty  miles  of  the  coast,'  he  hove  to,  at  four  o'clock  in  the  morning,  to  await 
the  break  of  day,  and  then  bore  up,  proceeding  cautiously  onward  on  account  of  a  thick 
fog  which  enveloped  the  ship.  As  this  cleared  away  the  people  on  board  had  the 
satisfaction  of  seeing  the  great  Sugar-loaf  Bock,  which  stands  on  one  side  of  the 
harbour's  mouth,  so  nearly  right  a-head  that  they  had  not  to  alter  their  course  above  a 
point,  in  order  to  hit  the  entrance  of  the  harbour !  This  was  the  first  land  they  had 
seen  for  three  months,  after  crossing  so  many  seas,  and  being  set  backwards  and 
forwards  by  innumerable  currents  and  foul  winds.  The  effect  on  all  on  board  was 
electric,  and  the  admiration  of  the  sailors  was  unbounded. 

Something  in  this  remarkable  case  may  have  been  due  to  a  compensation  of  small 
errors ;  but  it  is  only  fair  to  conclude  that  the  accuracy  with  which  the  ship's  position 
was  ascertained,  was  almost  entirely  attributable  to  the  precision  with  which  the  lunar 
distances  were  taken,  and  the  care  with  which  the  computations  were  executed. 

To  determine  the  Longitude  from  the  Xiiinar  Ohserrations.— In  the 

/  preceding  arddea  we  hare  shown  at  considerable  length  how  the  true  distance  between 
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the  moon  tnd  the  sun,  or  a  fixed  itar,  as  seen  from  the  centre  of  the  earth,  may  bo 
determined  from  the  obserrcd  distance  taken  from  the  snrfkce.  It  was  also  shown,  by 
means  of  the  altitude  of  a  celestial  object  whose  declination  is  known,  and  the  latitude 
of  the  place  where  the  altitude  is  taken,  how  the  time  at  that  place  may  be  found. 

The  determination  of  a  lunar  distance  necessitates  the  determination  of  the 
altitudes  of  the  objects  whose  distance  is  obserred,  so  that  the  data  for  finding  the 
true  lonar  distance  iuTolYes  likewise  the  data  for  finding  the  time  when  that  distance 
had  place.  But,  as  already  remarked,  if  these  two  objects  be  sought  to  be  accom- 
plished, the  altitude  employed  for  the  purpose  of  ascertaining  the  time  at  the  ship 
must  be  taken  with  a  degree  of  precision  which  is  not  indispensable  in  **  wdking  the 
lunar:"  much  more  care  and  accuracy  is  requisite  in  obserrations  of  altitude  for  time 
than  for  either  latitude  or  lunar  distance ;  and  on  this  account  the  time  at  ship  is  in 
general  determined  independently  by  one  or  other  of  the  methods  explained  at  pages 
183»  184,  ftc,  either  shortly  before  or  shortly  after  the  distance  is  taken.  By  means 
of  the  ohronometer  or  watch  the  interval  between  the  time  thus  found  and  the  instant 
of  taking  the  distance  is  known,  and  the  proper  correction  for  change  of  longitude  in 
tiiat  intenral  being  made,  we  get  the  time  corresponding  to  the  distance. 

We  hsTS  just  said  that  the  altitude— Knr  rather  the  set  of  altitudes— for  determining 
the  time  are  taken  $hortfy  before  or  after  the  observations  for  the  distance,  whenever 
these  observations  are  not  themselves  sufficiently  accurate  for  the  purpose.  It  is 
desirable  that  the  interval  should  not  be  large,  because  the  difference  of  longitude  in 
that  interval  may  be  large  too,  and  our  estimation  of  its  amount  is,  therefore,  liable  to 
a  larger  error.  But  as  it  is  important  to  get  the  altitude  as  precise  as  possible,  the 
ritnation  of  the  object  should  be  as  near  the  prime  vertical — that  is,  as  nearly  due  east 
or  due  west  as  possible  (page  132).  There  is  thus  room  for  the  exercise  of  some 
judgment :  the  object  selected  for  the  determination  of  the  time  at  ship  should  be  near 
the  prime  vertical,  and  it  should  reach  this  position  shortly  before  or  shortly  after  the 
obsirvation  for  the  lunar  distance.  Whenever  the  weather  is  so  favourable  as  to 
reader  all  risk  of  losing  the  anticipated  observation  but  very  small,  it  is  prudent  to 
▼ait  till  these  conditions  are  fulfilled,  provided  other  circumstances  are  such  as  to 
allow  at  the  delay.  In  general,  the  object  best  suited  to  the  determination  of  the  time 
at  sea  is  the  sun,  as  its  declination,  though  varying  with  the  time,  changes  so  slowly 
as  to  be  deducible  accurately  enough  for  the  purpose  from  the  estimated  time,  or  time 
by  account,  as  sufficiently  shown  at  page  136 ;  a  fixed  star,  however,  is  very  suitable 
for  the  purpose,  whenever  it  is  nearly  due  east  or  west,  and  the  horizon  clearly  enough 
defined  to  admit  of  an  accurate  observation  of  its  altitude. 

The  object  of  the  lunar  distance  is  to  find  the  time  at  Greenwich  at  the  instant 
that  distance  has  place ;  and  the  object  of  the  other,  or  extra  observation,  is  to  find  the 
time  at  the  same  instant  at  the  ship.  The  difference  of  the  two  times  gives  the  longi- 
tude in  time.  The  Greenwich  time  is  obtained  by  comparing  the  true  distance,  deduced 
irom  the  observation,  with  the  nearest  predicted  distance,  supplied  by  the  Nautical 
AlmjUft^V^  in  the  way  that  will  be  explained  presently.    It  may  be  well,  however,  first 


show  what  wiU  be  the  average  effect  on  the  inferred  longitude  of  a  given  error  in 
the  determination  of  the  lunar  distance. 

Zffeet  on  the  Longitude  of  an  Enor  In  the  Lunax  Distance.— The 

mean  diurnal  motion  of  the  moon  in  her  orbit  is  13°*  1764 :  at  cctlain.  xVm^^  \\.\&  ^<^\\\.  ' 
y  dower,  and  at  other  times  2^  quicker;  but  this  is  her  average  iVo  ol  mo\AaTL\  v^ 
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that,  on  the  average,  360°  of  longitude  (or  241i.  of  timo)  ooneepond  to  IG'^'iyM  of  tlie 
moon's  progrsfis.  Henoe,  to  find  the  error  in  longibide  produced  by  an  error  of  « 
Beoonda  in  the  distanoe  between  the  moon  and  a  fixed  star  in  her  palh,  we  have  the 
proportion 

13'ir64  :  860«  ::  a:  y|^  =  27'S22a 

whioh  showB  that  the  eiror  in  the  longitude  is  27*822  times  the  error  in  tiia  distance. 

Thus  an  error  of  10"  in  the  lunar  distance  causes,  on  the  average,  an  enror  of  273''22 

in  the  resulting  longitude,  or  4'  33**22 ;  and  an  error  of  1'  in  the  distance  oauaeSy«B 

the  average,  an  error  of  27'  19'* 3  in  the  longitude. 

The  more  rapidly  the  moon  moves,  the  less  is  the  e£Bdet  upon  the  longitude  of  s 

given  error  in  the  lunar  distance  :  the  most  rapid  change  in  three  hours  is  v«ry  nearly 

V  48',  or  I'^S ;  so  that  for  any  error  a  in  the  distance,  the  corresponding  error  in 

46a 
longitude,  in  the  most  favourable  case,  is  r^^  =  25a.    Hence,  in  the  most  fiiivouraUe 

case,  the  error  in  longitude  corresponding  to  an  error  of  10'  in  the  lunar  di^taime  u 
250"  =  4'  10";  and  the  error  in  longitude  caused  by  an  error  of  1'  in  the  lunar 
distance  is  25'.  As  every  inaccuracy  in  the  distance  becomes  thus  increased  twenty- 
five  fold  in  the  longitude  deduced  from  it,  even  in  the  moat  favourable  case,  the  readsr 
will  at  once  perceive  the  importance  of  secuiing  precision  in  this  elemanfc  Sevenl 
distances  ou^t  to  be  careftdly  observed,  and  the  mean  of  them  idl  employed ;  and 
scrupulous  attention  should  be  paid  to  the  cmreetiont  of  the  altitudes,  though,  si  i 
already  remarked,  the  altitudes  themselves  need  not  be  taken  with  the  utmost  nicety. 

To  obtain  the  time  at  Greenwich  corresponding  to  the  true  distance  determined  at 
sea,  requires  an  operation  in  simple  proportion.  To  facilitate  this  operation,  Dr. 
Maskelyne— to  whom,  indeed,  navigators  are  indebted  for  originating  the  Nauiicai 
Almanac — contrived  the  table  of  <*  ProportioQal  Logarithms,"  to  be  found  in  every 
collection  of  nautical  tables.  As  proportional  logarithms  have  not  as  yet  been  aUndid 
to  in  the  present  treatise,  it  will  be  necessary  to  say  a  word  or  two  about  them  hese. 

PvopovUoiul  XAgaiithms.— These  logarithms  are  derived  from  the  logarithms 

in  conmion  use,  thus : — From  the  logarithm  of  10800,  the  number  of  seoonds  in  3 

hours,  subtract  the  logarithm  of  a,  any  portion  of  time,  in  seconds,  less  than  3  hours : 

the  remainder  is  called  the  proportional  logarithm  of  a ;  in  other  words, 

-o ,  ,       10800. 

Prop.  log.  a  =  common  log.  

If  a  =  10800,  then  Prop.  log.  a  s:  com.  log.  1  =  0  ;  ao  that  proportional  logarithms 
arc,  in  fact,  complements  of  the  ordinary  logarithms  to  the  number  log  10800 ;  juit 
as  the  arithmetical  complements  of  Jog  sines  and  log  cosines  are  complements  to  10. 

As  already  remarked,  tho  lunar  distances  given  in  the  Nautical  AlmoTift^^^  ig^  Qg[, 
culatod  for  every  three  hours  of  intcrvaL  Suppose  a  distance  is  determined  at  sea,  st 
some  Greenwich  time  within  one  of  these  intervals ;  we  seek  in  the  Almftna^^  fox  the 
nearest  distance,  preceding,  in  order  of  time,  the  given  distance,  and  take  the  difference 
between  it  and  the  given  distance  :  call  this  </,  and  the  difference  between  the  two 
three-hourly  distances,  inter  media  to  to  whi^^h  the  given  distance  occurs,  call  D  :  then 
by  proportion  wo  should  have  for  the  time  x\  oorresponJing  to  tho  given  distance^ 

B  :  d  ::  '6^  :  2^ 
and  therefore  in  common  logarithms  we  should  have 
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log*>»  =  log»i»  +  logi?— logD. 

But  sinoe  3^  =  10800",  the  proportiaiuil  log^thm  of  wliich  if  1,  we  ihould  kaTe 
in  proporlioafll  logaritiuBi 

Prop,  log  a^  ==  1h:t>p.  log  <f  —  Prop,  log  D. 

In  llie  KauCical  AlmaiMe  Ph>p.  log  D  ii  inaerCed  betweca  the  diftanoea  tiiore  giycn, 
at  the  begiimiiig  and  end  of  vnary  three  hours,  eo  that  b j  suhtractiiig  this  given  pro* 
portional  logarithm  from  the  proportional  logarithm  cid  taken  out  of  the  table  we  get 
a  proportional  logarithm,  answering  to  which  in  the  table  is  the  portion  of  time  to  bo 
added  to  tha  hour  of  the  earliest  distance :  the  result  is  the  Greenwich  mean  time  cor- 
responding to  the  given  distance.  ... 

For  example :  Suppose  it  were  required  to  find  the  Greenwich  mean  time  at  which 
tlie  true  dietenoe  between  the  Moon  and  Pollux  was  32°  30*  25",  on  January  14, 1846. 

By  inapeoting  the  distances  in  tJie  Nautical  Almanac  for  that  year,  we  find  against 

Jnamrf  li,  mod  oppofite  tha  nana  of  the  proposed  star,  P(dluK,  the  following  row  of 

lunar  diatanoea : 

I  JCidBight.  I  Pr.lof.  l  xr^  |  Pr.Uig.  i  xvUi^*  I  Pr.log.  I  xxi^*  I  Pr.log.  ( 
|sio4orjyr»|     33^5     |  330  ly  18"  |      8342     |  84°  8^41"   I      8819     |    85»  SV  81"    |     8298      | 

from  which  it  appears  that  the  time  at  Greenwich  Corresponding  to  the  g^ven  lunar 
distaiiM  wa9  between  piidnight  and  XY  hours,  the  nearest  distance  preceding,  in  order 
of  time,  the  given  distance  is  ther^ore  the  distance  at  midnight ;  we  therefore  proceed 
as  fdlorirB :—       •         • 

Distance  at  midnight  31"  49'  25"    .    ,    Prop.  log.  of  diff.  3368  — 
Given  distance  32**  30'  25" 


Difference    OMl'    0^    .    .    .  Prop.  log.  6425 

Portbuflf  timeatoxnid&ight  Ih.  29m.  2s.    .  . .    .  Prop.  log.  3057 

Hmce  the  Greenwich  mean  time,  when  the  distance  was  as  stated  above,  was 
13h.  29m.  2s. 

If  the  diitanofi  increased  with  perfect  uniformity  during  the  interval  within  which 
the  given  diatanoe  is  found,  the  Greenwich  time  corresponding  to  that  given  distance, 
detennined  as  above,  would  be  strictly  correct,  but  as  such  is  not  the  case,  a  correction 
should  be  applied  to  the  time  so  found,  for  the  variation  of  the  differences  of  the 
diataaces.  A  table  for  obtaining  such  corrections  of  the  approximate  interval  of  time 
as  found  above,  is  given  in  the  Nautical  Almanac.  In  the  example '  above,  the  cor- 
rection cornea  out  Ss.  additive,  so  that  the  correct  Greenwich  mean  time  is 
13h.  29m.  10s. ;  the  neglect  of  this  correction  would,  however,  occasion  an  error  of  only 
2*  in  the  longitude ;  but  in  extreme,  and  therefore  of  course,  unusual,  cases,  the  error 
in  longitude,  from  a  neglect  of  this  correction,  might  amount  to  so  much  as  12'  in  the 
longitude. 

Besides  the  use  of  proportional  logarithms  in  connection  with  the  lunar  problem, 
they  also  serve  to  point  out  the  star  which  is  most  favourably  circumstanced  for 
accurate  ohaervation ;  that  star  being  to  be  pre^rrcd,  which  has  the  least  proportional 
logarithm  opposite  to  it :  for  as  already  shown  (page  158),  the  greater  the  velocity  of  the 
moon  from  or  towards  a  star,  the  greater  is  the  reliance  to  be  placed  on  an  observation 
of  the  distance ;  in  other  words,  the  less  is  the  effcct-of  a  -small  error  in  the  distance 
upon  the  longitude.  It  is  a  property  of  proportional  logarithms  to  decrease  as  the 
natural  numbets  answering  to  them  increase ;  a  smaller  propoi-tional  logarithm^  t\\ax^- 
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fore,  indicates  a  greater  velocity  of  the  moon,  or  greater  variation  of  distance  in  the 
interval,  upon  which  the  value  of  the  observation  depends. 

We  shall  add  another  example  or  two  of  finding  the  Greenwich  mean  time,  corres- 
ponding to  a  given  lunar  distance  on  a  g^ven  day. 

2.  On  August  2nd,  1836,  the  distance  of  the  moon  from  the  planet  Man  was  firand 
from  an  observation  at  sea  to  be  56"^  30'  8"  :  the  Nautical  Almanac  gave 

Aug.  2  at  3h.,  distance  .        .     6V    43*      69"    Pr.  logofdiff.     •    2948  — 
Given  distance       .        .        .66"   80'       8" 


Difference      .        .        .        .      1°    13'     51"    Pr.  log       .        .    3869 
Portion  of  time  after  dh.         .      2h.  25m.  368.    Pr.  log        .        •      921 

Hence  the  mean  time  at  Greenwich  was  5h.  25m.  36s. 

3.  On  April  7,  1831,  the  true  distance  between  the  sun  and  moon  was  found  to  be 
65'"  54'  48"  :  the  Nautical  Almanac  gave 

April  7  at  noon,  Distance    .       .    67*     0'       8"    P.  L.  of  diff.       ♦    3051  — 
Given  distance    ....    65°    54'      48" 


Diflference 1**     5'      10"    P.  L.  .        .        .    4412 


Portion  of  time  after  noon  .        .      2h.  11m.  35s,    P.  L.  .        .        •    1361 

Hence  the  Greenwich  mean  time  was  2h.  11m.  35s. 
4.  On  November  22,  1853,  the  true  distance  of  Saturn  from  the  moon  was  found 
to  be  77°  52'  45"  :  the  Nautical  Almauac  gave 

Nov.  22  at  3h.  Distance  77**  14'  40",  and  P.  L.  =  6745 
Required  the  Greenwich  mean  time.  Ans.  4h.  13m.  558. 

The  proportional  logarithms  annexed  to  the  Lunar  Distances  in  the  Nautical 
Almanac,  and  most  of  the  tables  of  them  inserted  in  books  on  Navigation,  are  limited 
to  four  places  of  figures ;  in  certain  parts  of  the  table,  this  number  of  places  is  too  few 
to  show  any  difference  for  two,  or  even  three  consecutive  argufnerU$ :  thus  the  pro- 
portional logarithms  of  2h.  41m.,  2h.  41m.  Is.,  2h.  41m.  2s.,  are  all  the  same,  namely, 
484 :  this  is  a  defect.  In  Dr.  Inman's  Nautical  Tables,  the  proportional  logarithms 
are  given  to  five  places  of  figures,  so  that  the  logarithms  of  consecutive  quantities  are 
not  confounded.  If  five-figure  proportional  logarithms  are  used  in  finding  the  Green- 
wich mean  time  corresponding  to  a  lunar  distance,  then  the  proportional  logarithm  of 
the  difference  between  the  consecutive  lunar  distances  in  the  Almanac  must  be  sought 
for  in  the  table,  as  the  Almanac  gives  it  to  only  four  places  of  figures.  Thus,  takiog 
the  example  just  given. 

Given  distance         .        .        .77'     52'      45" 
Nov.  22,  at  3h.,  Distance         :    77°     14'     40")^    j^^ 
„        6h.        „  .    78°      47'     24")"°°'     *''^''™' 


Difference  ofdlst.  in  Aim.        .      1°      32'     44"     .    Prop,  log  28804  — 

Diff.  of  given  dist.  and  that  at  3h.  O*"     38'       5"     .    Prop,  log  67454 

Time  after  3  hours  .        .        .lb.    13m.  558.     •    Prop,  log  38650 

Hence  the  Greenwioh  mean  time  was  4h.  13m.  55$. 
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SxampUi  of  determining  the  Longitude  from  Lunar  Observations. 

)  foregoing  articles  conlain  all  that  is  ncccssarj  for  the  determination  of  the 
the  ship,  and  the  time  at  Greenwich,  at  the  same  absolute  instant ;  and  it  has 
ufliciently  explained  how  these  two  determinations  lead  immediately  to  the 
ry  of  the  longitude,  as  in  the  following  examples : — 

imple  1.  On  the  1st  of  September,  1846,  the  true  distance  of  the  star  Antares 
te  moon's  centre  was  39"*  48'  20",  the  mean  time  at  the  ship  being  8h.  14m.  128. : 
d  the  longitude. 

>  time  at  the  ship  at  the  instant  the  lunar  distance  was  taken  being  known, 
e  merely  to  find  the  Greenwich  time  corresponding  to  that  distance.  We  seek, 
re,  among  the  predicted  lunar  distances  in  the  Nautical  Almanac,  for  that  one 
Qg  it  in  order  of  time,  which  is  the  nearest  to  it,  and  take  the  difference 
1  the  two.  The  proportional  logarithm,  annexed  to  the  distance  extracted 
e  Nautical  Almanac,  subtracted  from  the  proportional  logarithm  of  this  dif. 
,  will  give  the  proportional  logarithm  corresponding  to  a  portion  of  time  to 
cd  to  the  time  at  which  the  distance  taken  from  the  almanac  had  place, 
(ult  will  be  the  time  at  Greenwich  corresponding  to  the  given  time  at  the 
Phus:— 

>t.  1,  at  6h.,  distance  (Naut.  Aim.)    ...     38°  50'  28"    P.  L.    2287  — 
Given  distance      .    .     .     .    39=»  48'  20" 


Difference 0°  67'  52"    P.  L.     4928 


Time  after  6h.      ...      ih.  37m.  598.    P.  L.    2641 

/.  Time  at  Greenwich    .      7h.  37m.  698.  

Time  at  ship     ....     8h.  14m.  128. 


Longitude  E.  in  time      .      Oh.  36m.  ISs. 


Then  page  119,  36m.    =      9**    C    0" 
13s.    =  8' 16" 


.-.  Longitude O**    3'  16"  East 

his  example  the  jnean  time  at  the  ship  is  supposed  to  have  been  determined  by 
other  of  the  methods  already  explained,  and  the  true  lunar  distance  to  have 
luced  from  the  observed,  as  shown  in  the  preceding  pages.  But  it  will  be 
Lve  to  exhibit,  in  a  connected  form,  the  operations  necessary  for  ascertaining 
;itude  from  the  ship's  account,  in  combination  with  the  astronomical  observa- 
ve  shall,  therefore,  proceed  to  an  illustration  or  two  of  this  kind,  conducting 
ess  by  the  following  steps  : — 

he  first  object  will  be  to  get,  from  the  ship's  account,  the  approximate  time  at 
Lch.  when  Uie  observations  are  made. 

lelp  of  this  approximate  Greenwich  date  we  shall  find  semi-diameter,  hori- 
)aTallax,  declination,  &c.,  at  the  instant  of  observation,  suflSciently  near  the 
r  our  nltitnate  purpose,  because,  as  already  seen,  these  elements  vary  so  slowly 
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that  even  a  large  error  in  the  time  oan  never  aflfeot  their  values  except  in  a  very  trifling 


2.  ihe  next  thing  will  be  to  apply  the  necessary  corfectTdiiB  to  l^e  observed  in 
order  to  obtain  the  apparent  and  true  altitudes  and  ihe  apparent  distance.  Sufficient 
data  will  thus  bo  obtained  for  deducing  both  the  time  at  ship  ahd  the  time  At  Green- 
wich, and  it  is  matter  of  indifference  whibh  of  these  requisites  is  determined  first,  Krheil 
the  time  at  the  ship  is  deduced  from  either  the  sun  or  a  star. 

An  error  in  the  ship's  account  will  but  very  slightly  atfect  the  time  at  ship  "*^hen 
the  observation  is  made,  unless  this  time  be  determined  from  the  ihobtL  (page  138) ; 
but  the  altitude  employed  must  be  taken  with  care. 

An  error  in  the  ship's  account  "WiU,  in  like  manner,  biit  yetf  slightly  atfect  the 
lunar  distance,  and  thence  the  time  at  Greenwich ;  for  the  moon's  semi-diametet, 
though  dependent  on  the  time,  varies  too  slowly  to  cause  its  approximate  value> 
deduced  from  the  estimated  Greenwich  time,  to  differ  fix)m  its  true  value,  at  the 
instant  of  taking  the  distance,  by  any  appreciable  amount ;  and  as  far  as  the  (xltitude 
is  concerned,  it  has  been  seen  that  this  difference  is  of  no  moment. 

Example  2.  On  February  12,  1848,  at  2h.  36m.  p.m.,  mean  time  by  estiiHalion,  in 
latitude  53°  30'  S.,  and  longitude  by  account  15°  30'  E.,  the  following  lunat  observa- 
tion was  taken : — 

Obs.  alt.  still's  L.L.  Obs.  alt.  mobn's  L.L.      Obs.  dist.  nearest  limbs. 

29°  17'  26"  25°  40*  20"  99°  27'  30" 

Index  cor.       —  2*^  10"      Ind.  cor.       —  1'  10"      Ind.  ccm:.  —  50" 


29°  15'  W  25°  39'  10"  99°  26'  40" 

The  height  of  the  e^e  aftove  ike  sea  was  20  feet :  required  the  longitude. 

Ship  time,  Feb.  12 2h.  36m. 

Longitude  E.  in  time        .        .        .        .        .     Ih.    3m. 

Approximate  Gi?6enwich  time  .        .        .        .     Ih.  33m. 

Referring  now  to  the  Nautical  Almanae,  we  take  out  the  two  semi-diameters  for 
noon  of  Feb.  12 :  the  approximate  Greenwich  time  differs  too  little  from  noon  to 
render  any  correction  necessary;  the  sun's  declination  and  the  moon's  horizontal 
parallax  are  taken  out  at  the  same  time  :  we  thus  have 

From  the  Nautical  Almanac. 


Sun's  semi-diaiii 16' 13" 

Sun's  dee.  noon   .    .     .     13°  52' 18"  S. 

Moon's  at  noon 15'  58" 

Hot. par.  noon  58'  36"  tar.  in  12h.,  -^  13" 
Val-.  it  liih.       -.  l"-6 

Qot.  for  Ih.  33ai.     .    .        --  1'  17" 

Dec.  at  estimated  time  .     13°  51'    1"  S. 
90° 

Hor.  par.  at 
est.  time     .  58'  34" 

Polar  dist.  PS  s=  76°    8'  59' 

a                      '^    "'      ' 

flourly  diff.  of  sun's*dec.    .     -  49"-87 

30m.       i           ...           2494 

3          1^          . 

2-49 

-77-3 
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Fair  the  Apparent  and  True  Altitudes. 


Sun's  altitude. 
ifc«lt.L.L.     .    .    ;    29°16M6' 

mL  +  16^13^5     •     +^^ 


49" 


^•It 29=27'    6"  (a) 


U«ft. 


Moon' 8  altitude. 
Obs.  alt.  LX.      .    .    .    26«89'10" 
Dip  —   4' 24") 

App.  alt 26°  60' 61"(a') 

l»ar.  andref.      .    .     .      +60*44" 

tnierit 26°  41' 36"(A') 

As  it  la  j^roposed  to  deduce  the  time 
from  the  aun,  the  coaltitude  of  the  moon 
is  not  wanted. 

jf^r  the  Time  at  the  Skip. 
'o  compute  the  time,  we  have  the  co-altitude  ZS  =r  60°  34'  30",  the  co-latitude 
=:  86**  30',  and  the  co-declination,  or  polar  distance,  PS  ^  76°  8'  69" ;  therefore, 
l$6{f  die  work  is  as  follows  :— 


29'  26'  30"(A) 
90° 


Coalt  ZS  =  60°  34'  30" 


ZS,        60°  34'  30" 
sin  PZ,        36°  30'     0" 
sinPB,        76°    9'    0" 

Arith.  Comp. 
Arith.  Comp. 

Equa.  of  time 
.-.  correction 

.-.  Mean  time  4 

•2266124 
•0128140 

2)173°  13*  30" 

sin  a,        86»  36'  46" 
fiin(a-ZS),        26°    2'  16" 

9-9992406 
9-6424232 

2)19-8«00901 

cos  i  P,        29-  25'     7"    . 
2 

9-9400460 

P   =  68°  60'  14" 
2 

Feb.  12,     14m.  33s.  + 
13,     14      32 

3)11,6°  10,0'  2^8" 

3     62 

3  20-9 

....    0 

App.  time  at  ship     3h.  66m.  21s. 
Equation  of  time            14m.  33s. 

Ii.9m.  6481 

Mean  time  at  ship    4h.    9m.  64s. 

*rom  this  result  it  appears  that  the  ship's  account  must  be  yery  cteiaiderably  in 
.  It  may  be  adrisablo  therefore,  as  recommended  at  page  136,  to  repeat  the  fore- 
j  operation  with  the  corrected  time  here  determined.  Whether  or  not  this  r^peti- 
be  absolutely  necessary,  we  shall  be  able  to  ascertain  after  finding  the  meantiaie 
nenwichi  aa  follows :— - 
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Obs.  dist.    99''  26'  40"  > 
Sun's  semi.           16'  13" 
Moon's  semi.           1 6'    5" 

Fwihe 
d, 

2) 

time  at  Gieentoieh, 

99»    68'    58" 

29°    27'      5"    .    .     comp.  cos     -¥1^ 

25°    60'    61"    .    .     comp..cos      -Olflfj 

dzr.    99°  68'  58" 

155° 

16' 

64" 

\  Slim, 

J  sum  v>  rf, 

A, 

A', 

A  +  A', 

HA  +  A'), 

77° 
22° 
29° 
26° 
56° 

28° 
30° 

49° 

29° 
98° 

38' 
20' 
25' 
41' 
7' 

3' 

9' 

43' 

27' 
38' 

27"    ...    cos    9*»N 
31"    .                .cos    9-9661 
30"    .                 .cos    9-94011 
35"    ...     cos    9-95M 

5"                                

2)39-29« 

19-646; 
32"J  .        .        —cos    9'94« 

40"    ...    sin    9-701 

.     cos    9-936 

.*.  D  = 

Distance  at  noon. 

Mean  time  after  noon  at  Greenwicl 
Mean  time  at  ship  . 

Longitude  E.  in  time 

2h. 

37m. 

19s. 

Longitude  ] 
It  appears  from  this  result  that  alt 

.*.. .1..  a40  l^   » ^.i.  xl.  . 2_ 

43"     ...     Bin    9-882 

26"    the  true  distance 
0"    Prop.  log.  diff.     -2726- 

I    Ih 
4h 

49'    26"    Prop.  log.     „       -6612 

.  32m.  35s.    Prop.  log.     „       •2887 
.    9nl.  54s.                                

2h 

37m.  19s. 

E. 
lioug 

9°  15' 
4'  45" 

39°  19'  45" 

h  the  ship's  longitude  by  the  dead  red 

is  nearly  24°  in  error,  yet  the  error  in  the  estimated  time  happens  to  be  such  tl 
supposed  time  at  Greenwich,  namely  Ih.  33m.,  is  so  nearly  equal  to  the  correi 
there,  that  the  operation  for  the  time  at  the  ship  need  not  be  repeated  with  tl 
reeted  data :  we  may  safely  conclude  from  what  is  done  above  that  the  mean  t 
the  ship  at  the  instant  of  observation  is  4h.  9m.  54s.  p.m.,  and  that  the  longil 
39°  19'  45"  east  Such  a  large  error  as  the  above,  as  well  in  the  estimated  t 
in  the  longitude,  could  arise  only  from  a  long  continuance  of  foul  weatJier,  • 
preventing  observations  of  the  heavenly  bodies,  left  the  ship  entirely  dependen 
the  dead  reckoning.     And  without  taking  into  consideration  the  effect  of  nn! 
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carrcnts,  leeway,  &c. ;  cyen  the  deyiation  of  the  compass  alone  from  the  magnetic  action 
of  the  Teasel,  might  in  a  few  weeks  lead  a  ship  astray  to  the  above  extent.* 

Under  the  circumstances  here  imagined,  it  would  be  better  to  take  the  Greenwich 
time  at  once  from  the  chronometer,  if  this  can  at  all  be  depended  on,  as  already  recom- 
mended at  page  140 ;  for  the  longitude  and  time  by  account  are  employed  only  as  sub- 
aidiary  to  finding  an  approximation  to  the  time  at  Greenwich  when  the  obseryations 
tre  made.  If  the  Greenwich  time,  as  determined  from  the  lunar  distance,  diifor  con- 
tiderably  firom  the  chronometer  time,  the  operation  for  the  time  at  the  ship  should  be 
repeated  with  the  more  correct  Greenwich  time  thus  obtained,  and  thence  the  longi- 
tnde  accurately  deduced. 

2.  On  June  2,  1849,  at  lOh.  17m.  p.m.,  mean  time  by  estimation,  in  latitude 
60*  51'  X.,  and  longitude  by  account  41°  \V.,  the  following  observations  were  taken  : 

Begolus  W,  of  meridian 

Obsenred  altitude             Obs.  alt.  moon's  L.L.  Obs.  dist.  nearest  limb 

20°  21'  40"                           Sl^'  ir    0"  72'  36'  30" 

Index     —  3'  60"  Index     —  4'  10"  Index     —  9'  10" 


20*  17'  60"  ZV    6'  60"  72'  27'  20" 

The  height  of  the  eye  was  20  feet :  required  the  longitude 

Ship  time  June  2    .    .    .     lOh.  17m. 
Longitude  W.  in  time    ...      2h.  44m. 

Approximate  Greenwich  time     13h.    Im. ' 


Ecferring  now  to  the  Nautical  Almanac,  we  take  out  the  moon's  semidiameter  and 
horizontal  parallax  for  midnight  of  June  2,  the  right  ascension  of  the  mean  sun  at 
noon,  and  the  right  ascension  and  declination  of  the  star. 

From  the  Nautical  Almanac, 

Moon's  semi-diam.  midnight    14'  49" 
Horizontal  parallax       .  64'  23" 

Star's  ILA.10h.0m.  20s. 
Decl.         .        .        .     12M2'    4"N. 


Sun's  R. A.  noon    .  4h.  43m.  21s. 

Cor.  for  13h.         .        .       -^  2m.    Ss. 


Sun's  R.A.  at  13h.         .     Hi.  4om.  29s. 


•  In  iron  ships,  propelled  by  steam,  the  local  attraction  is  subject  to  great  and  frequent  changes, 
•ad  the  compass  is  so  powerfully  acted  upon  by  this  fluctuating  influence— the  effect  of  which  is  often 
unsuspected — ^that  the  most  fearftil  consequences  sometimes  result, — the  true  course  of  the  vessel, 
being,  from  this  cause,  widely  different  from  that  indicated.  At  the  conclusion  of  the  present  Pi^RT, 
ve  shall  give  a  brief  abstract  of  Dr.  Scoresby's  researches  and  suggestions  in  reference  to  this 
T^  important  subject.  If  science  fail  to  apply  a  remedy  to  counteract  the  ever-changing 
influence  of  iron  steamers  on  the  compass,  this  useful  instrument  had  almost  as  well  be 
tbsndoned  in  such  ships.  The  mere  heeling  of  the  vessel  will  greatly  affect  the  local  deviation, 
tad  the  continual  strain  and  vibration  to  which  a  vessel  under  steam  is  subjected,  so  influences 
its  magnetic  condition  as  to  render  the  compass  a  dangerous  guide.  The  ship  Tayleur,  which 
WIS  wrecked  hi  the  Irish  Channel  in  Januray  1854,  was  led  out  of  her  proper  course  by  these 
imsnspeeted  influences.  The  captain  relied  upon  his  helm  compass,  and  290  persons  perished.  The 
original  deviation  in  this  iron  steamer  was  so  great  as  60^,  and  this  was  subjected  to  changes  that 
Bight  amount  to  as  much  as  between  40  and  50  degrees.  It  is  easy  to  conceive  that,  in  the  open 
oeesn,  a  ship,  misguided  in  this  way,  and  precluded  from  adjusting  her  position  by  astronomical 
ohserratiaiis,  through  a  long  continuance  of  bad  weather,  might  err  even  to  the  extent  supposed  in 
the  above  example. 


im 
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For  the  Apparent  and  True  Altitudes, 


Moon's  Altiti^de. 
ab8.alt.       .        .    31'    6'aO" 
Dip  ^4' 24")   +1.0' 32" 

Semi.       )  14'  66"  )  

+7  Aug.  J  31M7' ^rWApp. 

Par.  andRef,       .      +  44' 54"       [alt, 

82°    2' 16"(A*)True 
^^^ — ^^^        [alt. 


For  the  Time  at  the  SJiip. 

To  compuie  the  time,  we  have  the  star's  co-altitude  ZS  =  69°  49'  11",  its  polar 
distance,  or  co-declination  PS  =  77°  17'  56",  and  the  co-latitude  PZ  =  89*  IC,  to  find 
the  star's  hour  angle  Pj  which,  since  the  star  is  west  of  the  meridian,  ^  added  to  the 
star's  right  ascension  will  be  the  right  ascension  of  the  meridian ;  and  since  the  tim^e  is 
p.m.,  this  right  ascension  diminished  hy  that  of  the  mean  sun  will  be  the  mean  time 
at  the  ship  (see  page  137). 

ZS,    69°    49'    11" 
sin  PS,     77°     17'    56"        Arith.Comp.  -0107592 

*  sinPZ,     39°     10'      0"        Arith.Comp.  •1994728 


Sta 
Oba.  alt.     . 
Dip    . 

fa  I 

Latitude. 
,    20°  17' 50" 
,        ^  4'  24" 

App.  ait.     . 
Bef.    .        . 

.     20°  13'  26"  (a) 
.       —  2*  37" 

True  alt.    . 

.    20»10'49"(A) 
90° 

Co.  alt.  Z3 :;? 

.    69°49'U" 

2)186°    17*      7" 

sins,    93°      8'     33" 
sin(s  — ZS),     23°     19'    22" 


cosJP,     3r    46'    24*' 
2 


9-9.993464 
9-5975972 

2)19-8072756 

9-9086878 


P=     73°     32'     48" 

3)1^6     6,4    9,6 

2        8 
3 


Stain's  hour  angle  in  time      4b .  54m.  1 1  s. 
Star's  right  ascension      .     lOh.      Om.  20f. 

R,A.  of  nieridian    .        .    14  54      31 

!I^A*  ofnicansiui  .        .4  45      29 


Mem  time  (kt  ship . 


10 
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¥w  thi  Tim$  at  Omemueiak, 
Li  oomputing  the  true  brnar  diBtance  in  this  example,  we  shall  adopt  the  recom- 
mendation at  the  bottom  of  page  158,  and  so  modify  the  obseryed,  or  rather  the 
apparent  altitudes,  that  the  seconds  in  each  altithde  may  be  a  multiple  of  10 :  what- 
ever be  added  or  subtracted  in  this  way  must  of  course  be  in  like  manner  applied  to 
&e  true  altitudes.  We  shall  also  introduce  a  similar  modification  into  the  apparent 
diitance,  and  apply  the  necessary  correction  to  the  true  distance :  the  object  of  these 
changes  is  to  reduce  the  work  of  computing  for  odd  seconds. 


Obs.  di9t.       7.r  27'  20" 
Moon's  semi.         14'  66" 


:  72°  42'  16" 


4,  72°  42' 
a,  20°  13' 
a',  31°     17' 


20" 
20" 
20" 


comp.  coa 
comp.  cos 


•0276310 
•0682577 


2)124**    J3'      0" 


h  sum*  62° 

i  sum  <A  d,  10° 

A,  20° 

A',  32° 


6' 
35' 
10' 

2' 


30" 
50" 
43" 
14" 


cos  9-6700614 

006  9^9925289 

cos  9-9724907 

cos  9-9282440 


A  +  A',  52°  12'  67" 

J  (A  +  A'),  26°   6'  28" 
d,   48°  47'   0" 


2)39-6592137 


19-8296068 
—  cos   9-9532608+ 

.  sin   9-8763460 


JD  =  36°    16'    34" 


COB     9-8188250+ 
sin      9-7720858 


.  subtracting  the  4"  added  to  </,  D  =  72°    33'      4"  the  true  distance. 

19*    85"    .    .    Prop.  log.  diff.    -8017  — 


Distance  at  12h 72° 

Difference 


13'    30" 


Mean  time  after  12h.  at  Greenwich  '.    Oh.  27m.    Os. 

.'.  Greenwich  mean  time    .    .    .     .  12h.  27m.    Os. 

Ship  mean  time lOh.     9m.     2s. 


Brop.  log. 
Prop.  log. 


.  1-1255 


•8238 


Longitude  W.  in  time 


.     .     2h.  17m.  58s. 

?h.  =  30° 
17m.  =   4°  15' 
588.   =         14'  30" 


Longitude  W.  34°  29'  30" 

In  each  of  the  foregoing  examples  the  mean  time  at  the  ship  is  obtained  j&om  an 
altitude  of  the  sun  or  a  star ,  and  as  remarked  at  page  161,  it  is  matter  of  indifference 
whm  such  ^  the  ease  whether  the  time  at  the  ship  or  the  time  at  Greenwich  is  deter- 
mined first ;  but  as  the  moon's  right  ascension  and  declination  change  yery  rapidly 
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comparatively  to  the  sun's  in  a  given  interval,  if  the  estimated  time  at  ship  be  much 
in  error  it  is  plain  that  the  elements  just  referred  to,  computed  to  this  estimated  time, 
may  differ  so  much  from  the  truth  as  to  very  sensibly  afifect  the  accuracy  of  the  ship's 
time,  and  thence  of  the  longitude.  •"Wo  would  therefore  recommend  when,  in  conse- 
quence of  the  other  object,  the  sun  or  a  star,  being  too  near  the  meridian  for  the  purpose 
of  finding  from  it  the  time,  the  moon's  altitude  must  be  employed,  that  the  time  at 
Greenwich  be  found  before  that  at  the  ship  is  computed,  as  in  the  following  ex- 
ample : — 

3.  On  May  22,  1844,  at  llh.  15m.  a.m.  mean  time  nearly,  in  latitude  50*  48' N., 
and  longitude  by  account  1°  "W.,  the  following  lunar  observation  was  taken  when  the 
moon  was  E.  of  the  meridian  : — 


Obs.  alt.  sun's  L.L. 

57^  53'    0" 

Index  cor.  +  35" 


Obs.  alt.  moon's  L.L. 

22°  53'    2" 

Index  cor.  —  20" 


Obs.  distance  N.L. 

56°  26'    6" 

Index  cor.  —  35" 


57°  53'  35" 


22°  52'  42" 


56°  25'  31" 


The  height  of  the  eye  was  24  feet :  required  the  longitude : — 
Ship  time.  May  21  .  .  .  23h.  15m. 
Longitude  "W.  in  time       .        .  4m. 

Approximate  Greenwich  time    .    23h.  19m. 


From  the  Nautical  Almanac, 

Moon's  semi-diam.,  21st,  midnight   .        .     15'  1""3     .    .    Hor.  par.  5b'    7"'6 

22nd,  noon         .        .     16'  5" -7 55'  23"-7 

4"-4  16"1 

Correction  for  41m.  before  noon  of  22nd  .                '25 -9 

Semi-diam.  at  23h.  19m.  May  21,    15'  5"-4    .     .     .  Hor.  par.  55'  22"-8 
Sun's  semi-diameter  at  noon,  May  22,  15'  49" 


For  the  Apparent 
Sun's  altitude. 

Obs.  alt.  L.L.     ...  57'  63'  35" 
Dip.     ._    4' 49"^ 
Semi     .-fl5'49")      ^ 


App.  alt.  .     .     .    ;     .  58°    4'  35"  (a) 
Ref.  and  par.     ...  —  36" 

True  alt 58°    3'  69"  (A) 

As  it  is  proposed  to  deduce  the  time 
from  the  moon,  the  co-altitude  of  the 
sun  is  not  wanted. 


and  True  Altitudes, 

Moon's  altitude. 

Obs.  alt.  L.L .     .     .  22°  62'  42" 
Dip      .    —  4'  49" 
Semi -f  15' 11"        ,  10' 22" 

Aug.+5"-5       ' 


App.  alt.    .     . 
Par.  and  ref.  . 


.  23°    3'    4"  (a') 
.   +  48'  38" 


True  alt 23°  51'  42"  (A') 

90° 


Co-altitude 


.  66°    8'18"  =  ZM 
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For  the  Time  at  Greenwich. 


w.  dist.        66^  26'  31"  ^ 
ood's  semi.         15'  11" 
in's  semi.  15'  49" 


rf=66"  56'  31" 


rf,  66^  56'  31" 

a,  68^  4'  35" 

a',  23^  3'    4" 

2)138"  4'  10" 


comp, 
comp. 


J  sum,  69"     2'    6" 

J  sum  wn  rf,  12"    6'  34" 

A,  58'    3'  59" 

A',  23"  51'  42" 

A  +  A',  81"  55'  41" 


I  (A  +  A'),  40"  57'  50"J 
e,  51"  21'  13" 
^, 


cos      -2767183 
cos      -0361386 


cos  9*5536429 

cos  9-9902543 

cos  9-7234034 

cos  9-9611955 


2)39-5413530 

19-7706765 
.  cos    9-8780168+ 


sin     9-8926597 


cos    9-7965409+ 


J  D  =  28"    8'  13"J 


sin    9-6736677 


.-.  D  =  66"  16'  27"  the  true  distance, 
Distance  at  21h.  bS"  16'  36"    .    .    Prop.  log. 


diff. 


Difference    .     1"    0'  51" 


•3221  — 
•4710 


Mean  time  after  211i.  at  Greenwich,    2h.  7m.  458. 
.*.  Greenwich  mean  time   ....  23h.  7m.  468. 


-1489 


[aying  thus  determined  the  time  at  Greenwich  when  the  lunai:  distance  was  taken, 
m  compute  the  right  ascension  and  declination  of  the  moon  to  greater  precision 
the  time  hy  account  could  be  expected  to  give.  It  so  happens  that  in  this  par- 
ir  example  the  time  by  account  is  very  nearly  the  same  as  that  deduced  from  the 
vations ;  but  yet  there  would  be  a  sensible  difference  in  the  resulting  longitude, 
!  computation  of  the  ship  time  had  preceded  that  for  the  Greenwich  time. 
;  is  only  in  reference  to  the  moon  that  much  accuracy  in  the  time  and  longitude 
count  is  of  any  consequence. 


Sun's  R.A. 
t  .     .  3h.  66m.  53s. '8 
L  .     .       +  3m.  46s. 
.  468.  Is. '3 

L  ==  4h.    Om.  41s. 


For  the  Mean  Time  at  the  Ship, 

Moon's  R.A. 
23h.     .     .  7h.  55m.  24s. 
7m.  46s.    .  +  16s. 

R  A.  =  7h.  55m.  40s. 


Moon's  declination. 
23h.      .    .  17"  6'  12"  N. 
7m.  46s.    .    —1'    2" 


Dec.  =  17"  4'  10"  N. 
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The  data  for  computing  the  moon's  hour-angle  with  the  meridian  are  therefore 

follows,  namely, 

ZM  =  66°  8'  18",  PZ  =  39°  12',  PM  =  72°  55'  60" 
ZM,  66°    8'  18" 

PZ,    39°  12'    0"  comp.  sin    -1992628 
PM,  72°  55'  50"  comp.  sin  /0195650 

2)178° 

16'    8" 

8,89° 
8  —  ZM,  22° 

8'    4"   . 
59' 46"  . 

.   .  dn  9-9999503 
.  .   sin  9-5918086 

2)19-8105867 

i  P,  36^ 
.-.  P  =  72° 

28'  46"  . 

57'  32"  t 
2 

,  .   008  9-9052933 

he  moon's  hour  angle 

3)14,5 

°  5fi'  ,4' 

4h.  50m. 

Im.  50s. 

(see  page  97) 

Moon's 

t  hour-angle  in  time    4h.  51m.  50s. 
Moon's  E.4*    71\.  55m.  40s. 

east  of  the  meridian 

R.A.  of  meridian    3h. 
Sun's  R.A.    4h. 

3m.  508. 
Om.  4l8. 

Sun's  hour-angle  with  meridian    Oh.  56m.  51s.  before  noon  of  the  22nd 

24h. 


Mean  time  at  ship    23h.    3m.    9s.  May  21st 
Mean  time  at  -Greenwich    28h.    Tm.  458. 


Longit^d^  W.  in  ti^ie      0^.    49l  $6^9.     /.  Longitu^d  W.  ^°  $^. 


Although  the  €h:eenwich  time  by  account,  diffen  by  only  a  few  sdnutes  Anioe 
Greenwich  time  as  determln^  by  the  obseiycbtion,  yet  the  longitude  wiould  ! 
differed  by  more  than  4t'  from  iJie  pesult  here  arrived  at,  if  the  ship  tiipe  had 
determined  before  the  Greenwich  time.  It  thus  appears,  that  it  is  in  all  oaMB : 
prudent  to  compute  the  time  at  Greenwich  before  that  at  the  ship,  when  the  latf 
to  be  deduced  from  the  moon, 

Examples  for  Exercise. 

1.  On  March  25,  1847,  at  3h.  30m.  p.m.,  mean  time  nearly,  in  latitude  -5^ 
and  longitude  by  account  33°  W.,  the  following  lunar  observation  was  taken : — 
Obs.  alt.  sun's  L.L.  Obs.  f^t.  moon's  L.L.  Obs.  dist.  nearest  limbs 

23°  10'  20"  23°  50'  10"  112°  56'  30" 

Index  cor.  —  6'  10"        Index  cor.  -f-  5'    0"  Index  cor.  —  4'  20" 
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aigbt  ojT  the  eye  wsis  20  feet,  and  the  foUowiiig  partlciLlan  were  fumuhed  by 

nUofil  Almanac^  namely, 

Sun's  dec.  £qua.  of  timo         Moon's  semi.  Hor.  par.    Sun's  eemi. 

5,  1**  40'  66*'  N.    6m.  ISsS  addit,  noon  26th,  14'  69"    noon  64'  69"    16'  3" 

6,  2P    4'  29"  N.    6m.  66s-2  midaight  14'  6ff'     mid.  64'  44" 

Also  distance  at  8h.,  lir  83'  84";  at  6h.,  112^*  67'  16". 
ed  the  longitude  of  the  ship.  Ans.  82''  69'}  W. 

On  January  9,  1861,  at  7h.  60m.  p.m.,  mean  time  nearly,  in  latitude  49°  40'  N., 
^tude  by  account  lO**  E.,  the  following  li^nar  observation  wfts  taken  :— 

i  of  PoUttx  £.  of  mnid.  Obs.  41t.  moon's  HL.  Ohs.  dist.  fEurihest  limb 

37'  10'  10"  81°  60'  10"  108**  20'  0" 

oor.  -r.  1'  10"  Index  oor.  +  1'  20"  Index  oor.  +  1'  30" 

ight  of  the  eye  was  18  feet,  and  the  following  particulars  were  supplied  by  the 
al  Almanac,  namely, 

Right  ascen.  mean  sun  Moon's  semi.  Hor:  par. 

Jan.  9,  19h.  13m.  42s-27  noon  14'  55"-8  64'  47"-2 

mid.  16*    0"-2  6(y    3''-6 

4r's  R.A.  was  7h.  36m.  128.,  and  its  dec.  28''  22>'  ^6"  S.  Also,  the  distance  at 
s  103°  8'  4",  and  at  9h.  101°  37'  61".    Require4  the  lonj^tude  of  the  ship. 

Ans,  lO**  19'  16"  R* 

3  ezampjes  now  given  will,  we  think,  sufficiently  illustrate  the  practical  oper- 
for  determining  the  longitude  at  se^  by  a  lunar  observation.  In  the  Nautical 
ic,  the  lunar  distances  are  given  for  the  planets  Mars,  Venus,  Jupiter,  and 
,  as  well  as  for  the  fixed  st^rs  near  the  moon's  path.  The  calculations  for  the 
stance  are,  of  course,  the  same  for  a  planet  as  for  a  fixed  star ;  and,  in  deducing 
le  at  ship  from  the  planet,  we  must  proceed  exactly  as  in  deducing  the  time 
^e  moon  ;  that  is  to  say,  we  must  find  the  planet's  hour-angle,  and  thence,  by 
of  its  right  ascension,  taken  from  the  Nautical  Almanac,  we  must  find  the 
scension  of  the  meridian :  the  difference  between  this  and  the  right  ascension  of 
an  sun  will — as  in  last  example — be  the  sun's  hour-angle  with  the  meridian  of 
oe,  that  is  to  say,  the  time  at  th&  ship. 

iiher  of  the  celestiaj.  pbje^ts  observed  be  near  the  horizon  wli^e  the  vefcaoUon 
Kt  to  considerable  irregularities,  the  m4m  lefraction,  wlMoh  is  tluit  gonendly 
ed,,  shou^  be  modified  according  to  the  ata^  of  the  atmoq^here,  as  shewn  by 
ometer  ^nd  thermometer;— <-a  table  for  properly  ocuxee^ng  the  mean  sefraotieiQ 
»6  :fomid  in  every  collection  of  nautical  tajbles*  A  neglect  of  this  oonreotion 
ne  of  the  objects  observed  is  not  more  than  8  or  9  .dfegrqes  above  the  hwiaoQ) 
caaion  an  error  of  1'  in  the  lunar  distance^  .^nd  this  erzor  nuty  be  sufficient  to 
£e  .(ino  of  upwards  of  30'  in  t^e  longitude. 


ngitnde  firom  Occultations  and  B»U|*iii  •£  Jupii^v's  Sattllit— ■— 

MB  now  been  delivered  comprehends  aU  the  essentials  for  finding  the  latitude 
Igitude  at  sea.    Other  celestial  phenomena  besides  those  bene  dwelt  upon,  may 

nr  more  examples  see  Mr.  Jeans' s  Navigation  and  Nautical  Astronomy,  whence  the  above  bave 
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be  occasionally  made  available  for  determining  the  longitude,  as,  for  instance,  an  eclipse, 
or  an  occnltation  of  a  fixed  star  or  planet  by  the  moon.  Eclipses  are  of  too  infrequent 
occurrence  to  be  of  much  service  to  the  navigator ;  but  the  passage  of  the  moon  over 
the  stars  and  planets  in  her  path  is  continually  occurring,  and  this  occultation  of  the 
object  by  the  moon  would  furnish  a  very  convenient  means  of  finding  the  Greenwich 
time,  and  thence  the  longitude,  if  the  motion  of  the  ship  did  not  in  general  preclude 
the  possibility  of  keeping  the  telescope  steadily  directed  to  the  moon's  edge. 

It  is  plain  that  at  the  instant  of  the  occultation,  that  is,  at  the  instant  of  the 
disappearance  of  the  star  or  planet  by  the  interposition  of  the  moon — called  the 
immersion — the  apparent  right  ascension  of  the  moon's  occulting  limb  must  be  the 
same  as  the  right  ascension  of  the  occulted  star.  By  removing  the  effect  of  parallax, 
the  moon's  true  right  ascension  at  the  instant  of  the  star's  immersion  may  therefore 
be  found,  and  the  Greenwich  time  corresponding  to  this  right  ascension  may  thence 
be  deduced. 

The  eclipses  of  Jupiter's  satellites  answer  a  similar  purpose,  since  the  entrance  of 
a  satellite  into  the  shadow  of  the  planet  is  a  phenomenon  which  takes  place  at  the 
same  absolute  instant,  wherever  on  the  surface  of  the  earth  the  immersion  be  observed, 
and  so  likewise  does  the  re-appearance  of  the  satellite,  or  its  emersion. 

The  Greenwich  time,  when  these  immersions  and  emersions  are  predicted  to 
happen,  are  given  in  the  Nautical  Almanac ;  so  that  if  the  ship  time,  when  any  sucli 
phenomenon  occurs  be  known,  the  longitude  may  be  at  once  obtained. 

But  here  again,  as  in  the  case  of  occultations  of  the  stars  by  the  moon,  the  frequent 
impracticability  of  keeping  a  telescope  sufficiently  steady  for  the  accurate  observation  of 
the  phenomena  at  sea,  renders  this  short  and  otherwise  convenient  method  of  finding 
the  longitude  of  but  very  limited  application.  In  a  calm  sea,  or  in  harbour,  a  teles- 
cope of  sufficient  magnifying  power  may,  of  course,  be  used  without  inconvenience. 
Of  the  four  satellites,  the  Jirsty  or  that  which  is  at  the  least  distance  from  the  planet, 
is  the  best  adapted  for  the  purpose  of  determining  the  longitude,  on  account  of  its 
more  rapid  motion ;  it  revolves  round  Jupiter,  and  is  eclipsed  by  the  shadow  of  the 
planet  once  in  every  forty-two  hours :  and  the  instants  of  immersion  and  emersion  are 
capable  in  general  of  being  much  more  accurately  noted  than  the  instants  of  contact 
of  the  earth's  shadow  with  the  moon's  limb. 

The  Quadrant  and  Sextant. — These  two  instruments  are  the  same  in  prm- 
clple, — ^both  are  equally  employed  to  measure  angular  distances ;  but  as  the  distance 
between  a  celestial  object  and  the  horizon,  for  the  purpose  of  determining  the  latitude 
at  sea,  is  a  measurement  more  frequently  made  than  any  other,  the  former  of  the  two 
above-mentioned  instruments — the  quadrant — ^is  constructed  with  exclusive  reference 
to  this  purpose,  and,  being  less  elaborate  in  its  fittings  and  workmanship,  is  by  far  the 
cheaper  instrument  of  the  two. 

The  arc  of  the  sea  quadrant  is  the  eighth  part  of  an  entire  circumference,  or  46°. 
This  arc  is  therefore,  strictly  speaking,  not  a  quadrant  but  an  octant ;  but  as  it  i« 
capable  of  measuring  aU  altitudes  from  the  horizon  to  the  zenith, — as  will  presently  be 
explained, — a  greater  extent  of  arc  is  unnecessary. 

The  sextant  is  a  more  delicate  instrument.  Its  arc  is  the  sixth  part  of  an  entire 
circumference,  or  60**,  and  it  is  capable  of  measuring  angular  distances  up  to  120°> 
The  arc  of  the  more  common  quadrants  is  divided — and  that  by  means  of  an  auxiliary 
scale  attached  to  the  index-limb — ^into  minutes  only :  those  of  a  superior  kind  are  thus 
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diyided  into  half  minutes ;  but  tho  arc  of  a  sextant  is  frequently  sub-diyidcd-^by  aid 
of  the  Vernier  scale  just  alluded  to,  and  hereafter  explained— to  every  10."* 

Artists  generally  extend  the  arc  of  a  quadrant  to  a  few  degrees  beyond  45°,  and 
the  arc  of  a  sextant  to  a  few  degrees  beyond  60"*.  With  either  of 
these  instruments  an  altitude  may  be  taken ;  but  usually  with 
more  precision  with  tho  sextant  than  with  the  quadrant,  on 
account  of  the  more  minute  subdivisions  of  the  arc.  The  manner 
of  holding  the  instrument  in  taking  an  altitudo  is  figured  in  the 
margin. 

The  sextant,  however,  is  almost  exclusively  used  for  taking 
a  lunar  distance.  All  the  essential  parts  of  this  valuable  instni- 
ment  are  represented  in  the  accompanying  figure.  H  is  the 
handle  by  which  the  sextant  is  held  while  taking  the  angular  distance ;  DE  is  a  small 

telescope  fixed  to  the  frame  of 
the  instrument,  and  directed 
towards  the  plane  reflector 
or  mirror,  C.  This  reflector 
is  immoveable;  the  other 
plane  reflector  or  speculum, 
B,  is  fixed  to  the  moveable 
radius,  or  moveable  limb,  F, 
at  the  extremity  of  which  is 
the  index  for  pointing  out 
the  angle  measured  on  the 
graduated  limb,  A  A. 

The  two  reflectors  B,  C 
are     perpendicular    to   the 
plane  of  the  instrument, — 
that  is,  to  the  plane  in  which 
the  arc,  or  graduated  limb, 
lies.      The  immoveable  re- 
flector C  is  called  the  horizon 
glass  ;  the  upper  half  of  it 
is  transparent  and  unsilvered,  and  it  is  through  this  part  that  the  horizon  is  viewed  in 
taking  an  altitude ;   the  lower  half  only,  strictly  speaking,  is  a  re- 
flector, being  the  only  part  coated  with  quicksilver.    The  moveable 
reflector  B  is  called  the  index  glass  ;  it  turns  with  the  radius,  or  limb 
carrying  the  index,  round  the  centre  of  the  graduated  limb. 

Suppose  this  radius  to  be  turned  into  such  a  position  that  the  planes 
of  the  two  reflectors  B,  C  may  be  exactly  parallel.to  one  another :  in  this  position  of  the 
index-limb,  the  point  on  the  graduated  arc  shown  by  the  index  is  to  be  marked  0.  It  is 
the  perfection  of  the  instrument  that,  when  the  index  points  to  0,  the  two  reflectors  should 
be  accurately  parallel  to  one  another.  And  here  we  pause  for  a  moment  to  explain  the 
cause  of  what  the  learner  may  have  hitherto  considered  as  the  result  of  indifferent 

*  Subdivisions  of  less  extent  than  this  must  be  estimated  by  tho  eye.    A  skillful  observer  can 
^tsoally  make  this  estimate  within  two  or  three  seconds  of  the  truth.    Such  an  error,  in  the  mcasux^-    v. 
ount  of  a  lunar  distance,  would  not  occasion  an  error  of  more  than  abo\3L\.  a  xslV!^«Va\^QA'£^%^3^^^x^%  \ 
loagltude.    (See  page  158)  \ 


■ 
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woikmansMp  in  the  uiBfa^ments  employed  in  the  preceding  preMeHis  of  HfWi^oA 
Astronomy :— ^t-e  hftve  repeatedly  spoken  of  the  indea^  error,  <w  Ike  *Hw  6/  ^ 
instrument^ 

These  terms  do  not  imply  faulty  workmanship;  all  instmtti^tB  WhliiteY6f'^4le 
most  diaboraiely-finished  specimens  in  the  most  richly -fonlished  oheerralKMieli^-liMfB, 
without  exception,  their  instrumental  errors,  which  are  very  different  thingli)  kowtfW, 
from  enora  of  workmanship. 

tn  the  mathematical  volume  of  the  CmoLE  or  the  Scieno^b  {Commentary  ta 
£«ekd)  the  ifeader  has  been  frequently  reminded  that  it  is  beyond  the  reach  of  tftto 
drtMr  a  line  of  a  prescribed  length  accurately,  to  raise  a  pcrpendicnlar^  <^  to  diJIaw  a 
pair  of  Uaes  that  shall  be  accurately  paralld-.  The  perfect  perpeftdionkurity  and 
parallelism,  therefore,  of  the  reflectors  B,  C  are  things  that  cannot  be  •ptmi^aStf 
brought  about ;  softie  minute  departure  from  strict  geometrical  precision  always  eidrti, 
and  hence  what  is  called  "  the  index  error."  How  this  index  error  may  be  discoyered 
and  allowed  for,  will  be  seen  presently  ;  it  is  always  furnished  to  the  purchaser  by  the 
maker  of  the  instrument. 

In  reference  to  this  subject,  it  may  not  be  unprofitable  to  the  learner  to  add  to  the 
present  digression  the  following  observations  of  Sir  John  Herschel : 

"Astronomical  instmittent  making  may  be  justly  regarded  as  the  inest  refined  of  the 
.  mechanical  art»j  and  that  in  whiclk  the  nearest  approach  to  geometrical  precision  is 
requited,  and  has  been  attained. 

"  It  may  be  thought  an  easy  thing,  by  one  unacq««ftled  With  the  niceties  tequired, 
to  tunl  a  circle  in  metal,  to  divide  its  circumference  iato  360  equal  pttrts^  and  these 
again  into  stoaller  subdivisions, — to  place  it  accurately  en  its  centre,  and  to  adjust  it 
in  a  given  positioli ;  but,  practically,  it  is  found  to  be  ofie  of  the  most  difficult.  Nor 
will  this  appear  extraordinary  when  it  is  considered  thaH^  owing  to  the  application  of 
telescopes  to  the  purposes  of  angular  measurement,  every  imperfection  of  structure  or 
division  becomes  magnified  by  the  whole  optical  power  of  that  instrument,  and  that 
thus  not  only  direct  errors  of  W^kmanship,  arising  from  unsteadiness  of  ftMOd  or 
imperfection  of  tools,  but  those  inacctOiicieB  which  originate  in  far  more  tmooMMHable 
causes,  such  as  the  unequal  expansion  and  contraction  of  flieWHie  murtWiB^  by  a  change 
of  temperature,  and  their  unavoidable  flexure  or  bending  by  fheiJ  own  weight,  become 
perceptible  and  measurable. 

"  An  angle  of  one  minute  occupies,  on  the  circumference  of  a  circle  of  ten  inches  ia 
rae^ufl)  o»ly  about  Trk^th  part  of  an  inch, — a  quantity  too  small  to  be  certainly  dealt 
with  Irithout  the  use  of  magnifying  glasses  ;  yet  one  minute  is  a  gros6  quantity  in  the 
astronomical  measurement  of  an  angle.  With  the  instruments  now  employed  in 
observatories,  a  single  second,  or  the  60th  part  of  a  minute,  is  rendered  a  dietincHy 
visible  aild  appreciable  quantity.  Now  the  arc  of  a  cit^le,  subtetidcd  by  one  second, 
is  less  than  the  20  0,000th  part  of  the  radius ;  so  that  on  a  circle  of  six  feet  in  diameter 
it  would  occupy  no  greater  linear  extent  than  -yiy^yxy*^  P^'^^  ^^  ^^  inch, — a  quantity 
requiring  a  jwwerfol  microscope  to  be  discerned  at  all. 

"Let  any  one  figure  to  himself,  therefore,  the  difficulty  of  piecing  on  the  eircum- 
ference  of  a  metallic  circle  of  such  dimensions  (supposing  the  difficulty  of  its  con- 
struction surmounted),  360  marks,  dots,  or  cognizable  divisions,  which  shall  be  true  to 
their  places  within  such  minute  limits,  to  say  nothing  of  the  subdivision  of  the  degrees 
so  marked  off  into  minutes,  and  of  these  again  into  seconds.  Such  a  work  has  probably 
baffled,  and  will  probably  for  ever  continue  to  baffle  the  utmost  stretch  of  human 
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Bkill  and  indMry ;  sof,  if^eMouted,  could  it  enduMt    Thd  ever  vtryiiSg  flwstuatioDB  of 
kesk  and  oOM  ItaTd  H  teBdenoj  to  t>h>diioe  not  merely  temporsfy  and  tnmsie&t,  but 
(etttiatieiily  tttcompeasated  oh&ngM  of  foi^  ia  idl  coMiderable  masees  of  thoM  metals 
irbicft  alone  tit  apptieaUe  to  sudb  usee  {  and  t^eir  own  weigbt,  boWeVer  ejrmibetrically 
formed,  must  always  be  unequally  sustained,  since  it  is  impossible  to  apply  Ibe  sus- 
tlittisg  power  to  mmypti*^  sopalratoly;  eten  could  t4iis  be  done^  at  all  events  force 
iftuirt  be  used  to  liioTe  aikd  to  fil  ^em,  whieb  can  Aever  be  done  without  producing  tem- 
foraiy,  and  risking  permanent,  cbtnge  of  form.    It  is  true,  by  dividing  tbem  on  their 
eeotrea,  and  iil  the  identical  places  tbey  are  destined  to  occupy,  and  by  a  thousand 
ingamoiia  and  delicate  contriyancee,  wonders  have  been  accomplished  in  this  depart- 
Hent  ot  art,  and  a  degree  of  perfection  has  been  given,  not  merely  to  eJufft  tToguvre, 
bat  to  instrameaito  of  moderate  prices  and  dimensions,  and  in  ordinary  use,  which,  on 
due  donsideration,  must  appear  very  surprising.    But  though  We  are  entitled  to  look 
$»  ipomtera  at  tiie  hands  of  scientific  arUsts,  wo  are  not  to  expect  tniracles.    The 
demands  of  the  astronomer  will  always  surpass  the  power  of  the  artist ;  and  it  must 
tkereforis,  be  c(mstantly  the  aim  of  the  former  to  make  himself,  as  far  as  {possible,  inde- 
pendent of  the  imperfections  incident  to  every  work  the  latter  can  place  in  his  hands. 
He  most,  therefore,  endeavour  so  to  combine  his  observations,  so  to  choose  his  oppor- 
timities,  and  so  to  familiariee  himself  wil^  all  the  causes  which  may  produce  instru- 
nental  derangement,  and  with  all  the  peculiarities  of  structure  and  material  of  each 
inttnunent  be  possesses,  as  not  to  allow  himself  to  be  misled  by  their  errors,  but  to 
iKtract  firom  their  indications,  as  far  as  possible,  all  that  is  iruef  and  reject  all  that  is 
erroneoaa.    It  is  in  this  that  the  art  of  the  prftotioal  astronomer  consists, — an  art  of 
itself  of  a  curious  and  intricate  nature,  and  of  which  we  can  here  only  notice  some 
of  the  leading  and  general  features."     (See  Herschers  Astronomy,  Laidner's  Cyclo- 
pedia.) 

Eetumiag  now  to  the  sextant:— To  understand  the  Way  in  which  an  angular 
distance  is  measuted  by  this  instrument,  we  must  first  asaent  to  the  following  simple 
optical  principle,  namely,  when  a  ray  of  light  from  a  luminous  body  falls  upon  a  reflect- 
ing surface,  and  is  thence  received  by  the  eye,  the  incident  ray — or  that  direct  from  the 
object  to  the  reflector — makes,  with  the  perpendicular  to  the  surface  of  the  reflector, 
dmwn  from  the  point  whwo  it  impinges  on  it,  an  angle  equal  to  the  angle  made  with 
tiie  same  perpendicular  and  the  rejheted  ray,  or  that  received  by  the  eye.  This  pro- 
perty is  briefly  expressed  thus: — the  angle  of  incidence  is  equal  to  the  angle  of 
reflection.  It  is  the  same  with  an  elastic  sphere  striking  a  smooth  hard  surface,  as, 
for  instance,  a  common  marble  shot  against  a  smooth  wall ;  if  the  marble  bo  shot  per- 
pendicularly, it  will  rebound  along  the  same  path,  and  return  to  the  hand,  the  angle 
of  incidence  and  the  angle  of  reflection  being  nothing;  but  if  the  marble  be  projected 
obliquely,  it  will  rebound  on  the  other  side  of  the  perpendicular,  and  the  oblique 
incident  path  and  the  oblique  reflected  path  will  make  equal  angles  with  that  perpen- 
dicular. 

This  principle  being  admitted,  conceive  the  limb  F  to  be  moved  so  that  the 
attached  index  pointe  to  zero  on  the  graduated  arc  (the  point  A  on  the  right  in  the 
foregoing  figure).  In  this  position  of  the  index  and  of  the  reflector  B,  if  the  eye  at  E 
looks  through  the  upper  or  unsilvered  part  of  the  horizon  glass  at  C,  and  perceives  a 
celestial  object,  such  as  a  star,  it  will  at  the  same  time  also  perceive  the  image  of  that 
Btdr  reflected  from  the  silvered  part  of  C.  For  as  the  reflectors  are,  by  hypothesis, 
parallel,  and  the  star  so  distant  that  two  rays  from  it  falling,  the  one  on  the  glass  K 
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and  the  other  on  C,  must  differ  only  insensibly  from  parallelism,  it  follows  that  the 
ray  from  the  star,  reflected  at  B  and  thence  proceeding  to  C,  from  which  it  is  again 
reflected  at  E,  must  proceed  to  the  eye  E  in  the  same  direction  as  tho  direct  ray  from 
the  star  through  the  unsilvered  part  of  C.  But  this  will  he  better  illustrated  by  a 
distinct  diagram. 

Let  ddhe  the  position  of  the  index  glass  when  the  index  points  to  zero,  which  in 
the  diagram  is  marked  by  the  letter  e.  By  hypo- 
thesis the  surface  of  the  half-silvered  glass  0  is 
parallel  to  that  of  dd.  An  object,  R,  so  remote  as 
one  of  the  heavenly  bodies,  would  be  equally  seen 
to  an  eye  at  E  in  the  direction  of  E  D,  parallel  to 
B  R,  as  to  an  eye  at  B,  in  the  direction  B  B.  If 
the  dotted  line  B  N  be  perpendicular  to  <^(f,  B  B  N 
will  be  the  angle  of  incidence,  and  CBN  the  angle 
of  reflection :  the  reflected  ray  B  C  is  now  incident 
on  C, — a  surface  parallel  to  dd;  therefore  the 
reflected  ray  C  B  must  be  parallel  to  E  B,  so  that 
an  eye  at  E  will  see  the  object  directly  through 
the  transparent  part  of  C,  and  the  image  of  it| 
after  two  reflections,  in  the  same  direction;  or 
rather  the  object  and  its  image  would  become  con- 
founded and  superposed.  Suppose  now,  while  tho  eye  is  still  looking  at  the  object  B 
through  the  telescope  ED,  the  index-limb  be  moved  from  etoe';  the  reRector  dd 
turning  round  with  this  limb  will  take  the  new  position  d'  d\  and  the  image  of  R  will 
disappear,  and  that  of  some  other  object  S,  in  reference  to  a  ray  from  which,  B  C  will 
still  be  the  reflection,  will  take  its  place. 

In  this  way  two  luminous  points,  R,  S,  as,  for  instance,  two  stars,  or  a  star  and  an 
edge  of  the  moon,  or  the  edges  of  the  sun  and  moon,  may  be  brought  together ;  one  of 
the  two,  R,  being  seen  by  direct  vision,  the  other,  S,  after  two  reflections  at  the 
mirrors. 

The  movement  of  the  index  from  e  to  e',  necessary  to  bring  the  two  objects  R,  S 
into  contact,  moves  the  reflector  dd  into  the  position  d*  ef,  and  the  perpendicular  BN 
into  the  position  BN'.  Now  BN,  by  the  above-mentioned  optical  principle,  bisects 
the  angle  RBC,  and  BN',  in  like  manner,  bisects  the  angle  SBC.    Hence 

NBN'  =  i  (SBC  —  RBC)  ==  J  SBR 

And  since  the  angles  NBN',  eBe',  measured  by  the  arc  ««',  are  obviously  equal,  it 
follows  that  the  arc  ee'  measures  half  the  angle  SBR,  formed  by  the  two  incident  rays 
SB,  RB,  that  is  to  say,  it  measures  half  the  angular  distance  of  the  two  objects  S,  R. 

If,  therefore,  the  arc  AA,  supposed  to  be  60°,  be  divided  into  twice  that  number, 
that  is,  120  equal  parts,  then,  by  considering  each  part  as  a  whole  degree,  the  index  at 
e'  will  show  the  number  of  degrees  in  the  angular  distance  of  S  and  R.  In  like 
manner,  the  degrees  and  minutes  will  be  shown  if  each  division  be  subdivided  into  60 
equal  parts.     This  is  the  important  principle  in  the  construction  of  the  sextant. 

Besides  the  two  reflectors,  B  and  C,  in  the  figure  at  page  173,  several  other  glasses, 
—called  screens  or  shades^ — are  attached  to  the  framework  of  the  instrument,  as  shown 
at  K  and  L.  These  are  merely  stained  or  coloured  glasses  to  be  interposed  in  the  path 
of  the  rays  from  luminous  objects,  as  the  sun,  and  sometimes  the  moon,  to  reduce  the 
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intensity  of  the  glare,  which  might  be  too  strong  for  the  sight,  and,  in  the  case  of  the 
son,  could  not  be  endured  with  a  clear  sky.  The  principal  use  of  these  glasses,  there- 
fore, is  to  screen  the  eje ;  but  they  also  serye  to  distinguish  the  object  from  its  image 
by  difference  of  colour.  The  moveable  glass,  G,  is  a  microscope  supported  by  a  slip  of 
metal  turning  about  its  extremity  a,  so  as  to  allow  of  its  being  brought  oyer  the 
divisions  of  the  Vernier, — a  small  and  important  scale  attached  to  the  index,  for  the 
purpose  of  marking  subdivisions  too  minute  to  be  engraved  on  the  circular  limb  of  the 
instrument    We  shall  explain  the  Yemier  presently. 

To  WM  the  Instrament.— The  plane  of  the  quadrant  or  sextant  must  always 
be  held  in  the  plane  of  the  two  objects,  of  which  the  angular  distance  is  to  be  taken  ; 
it  is  grasped  by  tiie  handle  H,  usually  with  the  right  hand  (see  the  figure  at  page  173), 
the  other  hand  being  employed  in  moving  and  adjusting  the  index, — when,  as  in 
common  quadrants,  there  is  no  handle,  the  instrument  is  held  by  the  frame- work 
itself.  If  the  sun's  altitude  is  to  be  taken,  the  instrument  is  to  be  held  in  a  vertical 
position,  the  index  set  to  0  on  the  limb,  and  the  eye  applied  to  the  telescope  or — 
removing  this— to  the  sight-vane,  which  supplies  its  place,  and  directed  through  the 
horizon-glass  to  that  part  of  the  horizon  which  is  vertically  imder  the  sun.  The  index 
is  now  to  be  moved  forward  till  the  image  of  the  sun,  which  we  shall  see  to  be 
gradually  descending,  till  the  limb  just  touches  the  horizon  :  the  observed  altitude  of 
that  limb  will  thus  be  obtained. 

The  sight- vane  may  now  be  turned  down  and  the  telescope  introduced,  which,  by 
magnifying  the  image,  will  render  the  contact  more  distinct.  It  is,  in  general,  more 
easy  to  get  a  contact,  though  with  less  precision,  without  the  telescope  than  with  it, 
as  the  telescope  greatly  limits  the  field  of  view  ;  but  after  the  index  is  adjusted  to  the 
approximate  contact,  tiie  telescope,  previously  set  to  distinct  vision,  will  at  once  show 
the  object  more  dearly  defined,  and  give  the  contact  more  accurately, — of  course, 
▼hatever  shades  may  be  necessary  to  protect  the  eye  and  to  distinguish  the  object 
from  the  image  are  to  be  put  down. 

If  the  altitude  of  a  star  is  to  be  taken  the  operation  is  just  the  same,  care  being 
taken  to  keep  the  star's  image  in  view  during  the  whole  of  its  descent  to  the  horizon, 
to  avoid  the  mistake  of  bringing  down  the  wrong  star«  The  moon's  altitude  is  taken 
in  the  same  way  as  the  sun's,  using  such  shades  as  may  be  found  necessary. 

When  a  lunar  distance  is  to  be  observed,  the  plane  of  the  sextant  must  be  held  so 
that  both  objects  may  lie  in  that  plane,  and  the  sight  is  to  be  directed,  through  the 
lunizon-glass,  to  the  fainter  of  the  two,  so  that  when  the  brighter  object  is  to  the  left, 
the  instrument  must  be  held  face  downwards. 

The  practical  management  of  the  instrument,  in  making  observations  at  sea,  can 
he  efficiently  acquired  only  on  ship-board;  the  movements  of  the  body  must  be 
accommodated  to  the  motion  of  the  vessel,  and  peculiar  attitudes  and  positions  will  le 
necessary  in  peculiar  circumstances :  the  observer  sometimes  stands  erect,  sometimes 
alines  against  a  support,  and  sometimes  lies  on  his  back  on  the  deck,  when  taking  a 
lonar  distance.  It  is  plain  that  nothing  but  experience  can  dictate  to  him  the  best 
vay  of  handling  his  instrument  on  the  various  occasions  that  may  require  its  use. 
Supposing  the  observation  to  have  been  made,  it  remains  to  read  off  the  angular 
i&easure ;  this  is  done  by  aid  of  the  Vernier,  a  contrivance  so  called  from.  tl:iQ  t^'^.tev'^  cA 
its  inventor. 

NAVtOATION  AND  A8TRONOMY,-^Ho,  VI. 
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r. — This  ifl  a  aiuall  scale  attached  to  tiie  indes-limb,  P,  of  tiie  XBtta- 
nufflt ;  it  i£  8l%htl7  inclined  to  ike  face  of  the  divided  limb  A  A,  and  movfla,  witib  fte 
indez^limb,  in  close  contact  with  the  divided  arc  A  A.  It  is  attachfid  to  sumy  ate 
icalM— ^  for  instance,  to  those  of  the  barometer  and  ihermometer — ^as  irall  wto^ 
scalee  of  the  <|uadrant  and  sextant,  and  is,  in  fact,  an  iq>pendage  to  mmy 
imtruBMi&ts  used  for  an^ilar  measurement ;  its  object  and  utility  aoy  ^ 
U  fallows : — 

Let  CD  represent  any  graduated  scale,  and  A3  a  line  irhicfa  we  wiA.  in  lammm 
hj  it ;  the  scale  and  lino  must  of  course  be  of  the  same  character — haiSh.  **-Hii|{iii  or 
both  circular.     If,  upon  applying  the  scale  to  the  line,  as  in  the  following  £gms,  "wt 
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fiad  ihe  eztremitj  B  to  fall  accurately  upon  one  of  the  dlTisianB  of  th»  kaLb^  we,  rf 
course;  obtain  the  measure  without  any  fractional  parts  of  a  drnsiaii:  we  au^^v 
illustration;  call  the  dimions  degrees,  and  we  shall  condude  the  mBMare  to  ki « 
many  degrees  exactly. 

But  if;  as  would  be  most  likely,  the  extremity,  6,  of  the  line  prtgects  beTondfts 
boun4iiry  of  a  division  without  reaching  the  next,  the  length  would  be  so  mny 
degraes  and  some  fractional  parts  of  a  degree,  which  the  scale  affards  ns  no  fiffiooit 
means  of  measuring.  In  the  figure,  the  measure  of  AB  is  eight  d^;reea,  wifli  a  fiao- 
tional  part;  alif  of  the  ninth  degree,  the  exact  amount  of  which  can  only  be  gnssKd 
at.    The  object  of  the  Vernier  is  to  make  known  the  value  of  this  fractional  pert. 

Imagine  a  second  scale,  BE,  with  its  commencement  placed  in  contact  widi  ^ 
extremity,  B,  of  tlie  proposed  line,  to  be  applied  to  the  scale  CD ;  suppose  the  wUe 
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length  of  this  sttcond  scale  to  bo  8  degrees,  but  that  it  is  divided,  as  in  the  figure,  ifito 
0  equal  parts,  and  let  us  assume,  moreover,  that  aB  may  be  expressed  in  tenfiis  of 
degress. 

Among  the  divisional  marks  of  the  second  scale  BE,  thus  placed,  there  win  bmsb- 
sarily  be  found  one  which  exactly  corresponds  to  a  divisional  mark  on  the  first  »«lf» 
OD ;  in  tlie  figure  above  it  is  the  fourth  mark,  and  wo  accordingly  conclude  thstsB 
meaaiirea  fnur-tentha  of  a  degree,  so  that  tho  wholo  measure  of  AB  is  8§.  That  such 
is  tho  oasn  will  bo  roadlly  seen  from  considering  that  one  of  the  divisions  of  BB  is 
only  ^Vha  of  ono  of  tho  divisions  of  CD,  so  that  one  of  tho  lattpr  divisions  exceeds  one 
of  the  fbrmer  by  ^\h  of  a  degree,  two  of  tho  latter  exceed  two  of  the  former  by  -^Jjths, 
and  so  on. 

Now  ttom  4  t(»  B,  on  BE,  there  aro  fhnr  divisions,  and  flrom  3  to  /,  on  CD,  there 
are  also  fhnr  diviaiona ;  tho  latter  four,  in  their  wholo  length,  exceed  the  former  font 
by  x^tha  <if  a  dogree ;  but  this  exoeaa  is  the  Imgth  atB,  consequently  «B  =»  -^ths.  It 
fhUows,  theroftire,  that  if  «B  bo  only  an  exact  number  of  tenths  of  a  degree,  we  shall 
he  able  to  meaatire  those  tenths  by  this  contrivaniM) ;  and  the  error  of  measurement;  if 
#B  be  not  an  exaot  number  of  tenths,  and  therefore  tho  mark  4  not  strictly  the  conti- 
nuation of  the  mark  K  mnat  bo  less  than  ^th.  In  like  manner,  if  the  scale  BE  had 
/  the  length  of  W  decrees  of  Cl\  and  were  divided  into  20  equal  parts,  aB  eoold  Ian 
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beeiL  measured  accurately*  to  withio  g^Ui  of  oi  dcgrco,  and  so  on.    Tho  icalo  BE  ie  tha 

Tiio  aimcied  figiwe  will  giva  an  idea  how  the  Vernier  attached  to  tha  index-limb 
of  Ihe  quadrant  or  SL^xtant  adapts  itwalf  to  iho  oirodair 
gnduat^  limb  of  the  instrument.  The  point  mmrled 
4  on  tho  Yemieif  is  the  indea  of  the  graduate  arc  of 
tlifi  limb,  and  k  tbat  whioh  m&rka  out  the  integral 
part  of  the  meaaiure  of  the  angb)  the  fractional  part 
behig  indi<jated  by  tho  Vernier  divisions,  oa  alreadj 
explained.  It  b  the  mark  a  which  ought  to  oarrespond 
with  the  mark  0  on  the  graduated  limb,  when  the 
iudex  and  horisou  glassea  of  the  inatrumcnt  arc 
parallel ;  it  m  common,  however,  to  spealt  of  the  whole 
moYoable  limb  A  as  the  indt:£. 

Suppoae  each  of  the  diviaiona  on  the  graduated  Umb  to  denote  m  mmutei,  and 
ht  n  be  the  Qumbar  of  those  dlvimom  wbie^h  make  up  th&  whok  ostont  of  th@  Vemi^ 
Kiaie,  theui  ih&  Veraier  will  contain  m  »  of  tbe  mmutea  of  the  graduated  limbt  If  thii 
extoDt  be  divided  into  m  ^  1  ec^ual  parti,  tbeti  the  diiSeranoo  between  ooo  diTiaion  aa 
tic  graduated  limb  and  ono  diviiiion  on  the  Vernier  will  be 
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If  «  =  20S  and  m  =  1&', 
=  ir,  &c. 


m+1 
'.  ~^i  I  =  1*'    If  n  =  ICj  aad  »t  =  B9\  then 
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Thit  Ibdex  Knor,— If  when  tbo  index  and  honcon  glassos  aro  parallel,  the 
bt^niag  A  of  the  diviaioQa  oa  the  Venuerp  does  not  eoinoidjo  with  the  mark  0  on  the 
graduated  Umb,  the  diatancc  botwceu  them  ia  the  indfs  error — subtractive  when  tho 
Vernier  mark  ia  to  the  left  of  the  0,  and  additive  when  it  ia  to  the  right.  To  discover  the 
mount  of  index  error,  move  the  index  tiU  a  point  of  the  huriison,  or  seme  more  distant 
object,  coiscidoa  with  its  image  i  the  diatonoi}  of  tho  index  mark  n^  frooi  0  on  the 
gmduated  limb,  ia  the  amoimt  of  index  error. 

The  Bcxtaiit  just  dcaaribed  ie  only  a  modifioation  of  the  (quadrant ;  botli  inatrumenta 
ire  in  principle  tbe  same*  Tho  first  pttbliihed  Joaeriptian  of  the  quadrant  appeared  in 
tibe  Fhiloiopbical  Tranaaetionaf  Nop  120,  for  the  year  1738,  the  paper  communieaiing 
it  having  been  laid  before  the  Society  in  May,  173L  It  was  the  produotion  of  John 
Kadley,  and  the  inatniment  be  described  waa  conBcquently  called  Hadley^a  Quadrant; 
then  ia  little  reason  to  suspect  that  the  invention  wjii  not  his  own.  Eut  a  similar 
iastjujaent  had  long  previously  been  invented  by  Kewton,  and  communicated  to 
Halley,  who  kept  the  contriTance  to  himself.  "  The  deaeription  of  the  instnxment  wai 
fi>und,  after  the  death  of  Halley,  among  his  papera,  in  Nowton^i  own  handwritinf  ^  by 
Ilia  executor,  who  communicated  hia  papens  to  the  Royal  Society,  twonty-fiTo  years 
after  Newton's  death,  and  eleven  afler  tho  pnhlicatioTi  of  Hadlo/s  invention,  which 
might  be,  and  probably  vrae,  independent  of  any  knowledge  of  Kowton's,  though 
Hutton  insimiatcps  the  contrary/'  "  But,"  adda  Sir  John  HeMchoI,  "  the  priority  of 
iavontioti  belongs  undoubtedly  to  Newton,  whose  claima  to  the  ^taivtiasia  ^1  ^^ 
Aftvigator  are  thua  doubled,  by  hk  having  fumiahcd  at  ougo  tka  esiV^  ^^^arf  "^"^  ^iNivSsv 
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his  vessel  can  be  securely  guided,  and  the  only  instrument  which  has  ever  been  found 
to  avail  in  applying  that  theory  to  its  nautical  uses."— (Astronomy,  p.  102.) 

Cluurts.— A  chart  is  a  map  upon  a  plane  surface  of  a  portion  of  the  sea,  including 
whatever  within  its  limits  it  may  be  useful  to  the  mariner  to  have  exhibited,  such  as 
rocks,  shoals,  &c.,  and  in  some  the  directions  of  currents,  and  the  variations  of  the 
composB.  Charts  aro  of  two  kinds— the  Flane  Chart  and  Mercator's  Cbart,  As  m  the 
former  IbB  meridians  are  all  parallel  lines^  and  the  degrees  of  latitude  all  of  equal 
lengthy  the  proper  relations  of  latitude  and  longitude  arc  grossly  violated,  and  eucb 
ch^tg  ax&  of  no  use  except  for  mere  coasting  pTirposes.  At  s(?a,  the  only  charts  of  any 
use  are  tkom  conatrueted  on  Meroator^^  principles^  described  at  page  60,  tho  degrees  of 
longitude  remaining  invariablB,  while  those  of  latitude  are  enkrged  more  and  more 
from  the  equator  to  the  pole,  agreeably  to  the  law  investigated  and  explained  at  tbe 
page  refdrred  to. 

Th©  following  is  a  repre^ntatiou  of  the  globe  projeetfid  upon  Mercatoi's  plani  but 
on  a  scale  far  too  minute,  of  course,  to  serve  any  otber  puipose  than  mere  illustration, 
for  which  alone  it  is  here  introduecd.  On  the  actual  sea  chart,  representations  of  the 
Compaq  are  placed  at  intervals,  for  the  purpose  of  eottiDg  off  courses.  ] 
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The  meridians  which  limit  the  chart  employed   ot  &ca  are  graduated,  as  also  the 
jjaraUe}  of  latitude  which  bo^unds  tbe  extent  of  the  chart  north  or  south,    A  point  on 
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the  chart  being  marked,  we  find  its  latitude  by  simply  observing  where  the  edge  of  a 
straight  ruler  applied  to  the  point,  and  held  parallel  to  any  parallel  of  latitude,  cuts  the 
graduated  meridian ;  and  the  longitude  is  found  by  plaoing  the  edge,  while  on  the 
point  parallel  to  any  of  the  meridians,  and  observing  where  the  edge  cuts  the  graduated 
paralleL 

To  find  the  course  between  two  places  on  the  chart,  apply  the  edge  of  a  parallel 
ruler  to  the  two  places,  and,  holding  it  there,  move  the  other  part  of  tiie  ruler  till  an 
edge  passes  through  the  centre  of  one  of  the  compasses :  the  course  will  thus  be 
indicated. 

To  lay  down  on  the  chart  the  position  of  the  ship  by  dead  reckoning—that  is,  from 
her  course  and  distance  from  a  given  point  of  departure,  as  the  preceding  noon,  place  the 
ruler  on  the  point  of  departure,  and  parallel  to  the  given  course :  from  the  gpraiduated 
meridian  at  the  side  of  the  chart,  and  in  the  latitude  of  the  ship,  take  the  distance,  in 
degrees,  &c.,  in  the  compasses :  this  distance  applied  from  the  point  of  departure  along 
the  edge  of  the  ruler  in  the  direction  of  the  course  will  mark  out  the  position  of  the 
ship  by  dead  reckoning.  To  lay  down  the  position  as  given  by  the  latitude  and  longi- 
tude is  sufficiently  obvious :  the  intersection  of  two  pencil  Hues,  through  the  given 
points  of  latitude  and  longitude,  and  parallel  to  the  boundaries  of  the  chart,  will  be  the 
position  sou^t 

It  will  be  perceived  by  the  reader  who  has  gone  over  what  has  been  delivered  in 
the  Navigation  respecting  Mercator's  sailing,  that  although  positions  are  correctly 
exhibited  on  the  chart,  as  regards  latitude,  longitude,  and  course,  yet  distances  are 
exaggerated  (see  page  61).  Distances  which  are  the  same  on  the  globe  become  more 
and  more  elongated  on  the  chart  as  we  approach  the  pole. 

The  Ship's  Jouinal.— A  Sea  Journal  is  a  record  of  the  daily  transactions  and 
oocnrrenoes  in  connexion  with  the  navigation  of  the  ship,  including  whatever  obser- 
vations and  remarks  that  may  be  necessary  to  give  a  brief  but  connected  professional 
history  of  the  voyage. 

The  entries  in  the  Journal  are  made  hourly  after  the  departure  is  taken :  the  ship 
shapes  her  course  towards  a  definite  point,  and  to  do  this  either  a  chart  is  consulted  or 
the  angle  determined  by  computation ;  allowance  then  being  made  for  the  variation  of 
the  compass,  and  the  local  deviation,  the  compass  or  steering  course  for  the  first  stage  is 
obtained.  The  ship,  however,  is  usually  considered  to  depart  from  the  point  of  land  or 
other  conspicuous  object  last  seen,  and  the  bearing  opposite  to  that  of  this  point  of 
departure  is  regarded  as  the  first  course,  and  the  distance  of  it  as  the  first  distance. 
The  ship  is  not,  however,  considered  as  having  fairly  commenced  her  voyage  till  her 
Ihial  departure  has  been  taken. 

Time  is  generally  recorded  as  in  the  afiairs  of  civil  life,  and  not  according  to  astro- 
nomical reckoning ;  noon  and  midnight  equally  divide  the  twenty-four  hours  as  on 
land.  From  the  hourly  registry  of  the  course  and  distance,  the  leeway  and  the  vari- 
ation of  the  compass  being  properly  allowed  for,  the  ship's  position  is  determined  every 
day  at  noon.  If  no  astronomical  observations  have  been  made,  the  position  thus  deter- 
mined is  the  place  of  the  ship  by  dead  reckoning ;  but  if  the  latitude  or  longitude,  one 
or  both,  have  been  computed  from  observations,  a  distinct  entry  to  that  effect  is  made, 
althoTigh  the  day's  account  by  dead  reckoning  is  still  preserved. 

This  clearing  up  the  ship's  account  every  day  at  noon,  &o  as  to  eiifi\^<^\x&T  Vi  Vaia-^  ^ 
fresh  departure  dailj  at  that  hour  from  a  known  position,  just  a&  ^ft\;w^"\vBt^«^«2[^3^^^ 
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at  first,  u  oalled  a  dm^t  w&rk.  A»  noon  if  tlie  time  invaiiablj  fizad  rxpcm  te 
tuning  the  resultant  of  all  the  preceding  twenty-four  hounT  wilingi,  whatef«kti- 
tude  or  kmgitude  may  hare  been  determined  by  astronomical  ob—  i  atiuai  m  Ab 
interral  is  brought  up  to  that  hour  by  help  of  the  dead  reckoning.  Hcnee  tiie  mtam 
"  Latitude  by  Obseryation"  and  "  Longitude  by  Obserration,"  frequently  inserted  ii 
the  noon  results,  are  in  general  made  up  in  some  small  part  of  the  latitode  and  longi- 
tude by  account. 

In  keeping  the  ship's  reckoning,  the  position  departed  from  at  each  noom  is  eoa- 
sidered  to  bo  that  which  nautical  astronomy  assigns ;  so  that  when  obserratioBskifC 
been  made  in  the  interim,  the  dead  reckoning  commences  afresh,  and  ia  not  a  con- 
tinuation of  the  yesterday's  account.  The  record  is  then  carried  nnintenuptedlr  sa 
till  a  noon  arriyes,  immediately  before  which  the  true  position  of  the  ship  has  agiii 
been  settled  by  obsenrations,  and  so  on.  The  meridian  observation  £>r  latitads  is  of 
course  recorded  for  the  noon  on  which  it  is  made. 

The  working  of  a  day's  work  may  always  be  effected  by  the  Trarene  TaUe^  ate 
the  manner  shown  at  page  48  ;  and  as  the  twenty-four  hours'  sailinga  shovld  be  n- 
garded  only  as  furnishing  data  for  finding  the  position  of  the  ship  at  the  and  of  M 
time  approximately,  it  is  not  considered  as,  in  general,  necessary  to  attend  to  mumM 
in  the  courses.  "  It  is  mere  waste  of  time,"  observes  Lieut.  Eaper,  "to  work  the 
course  nearer  than  to  the  whole  degree ;  for  eycn  if  the  compass  eould  be  depended 
upon,  as  it  cannot  be,  to  1**,  the  ship  cannot  be  steered  to  twice  that  quantity."  We 
■hall  now  giye  a  yery  short  specimen  of  a  Ship's  Journal ;  there  is  no  settled  sad 
uniform  plan  of  an-anging  all  tho  entries ;  but  there  are  certain  prominent  fisatures  ia 
which  all  sea  journals  are  alike.  Tho  specimen  here  offered  is,  with  some  alight  modi' 
floation,  extracted  from  that  given  by  Mr.  Riddle  in  the  work  before  referred  to. 

The  reader  is  already  aware  that  tho  principal  entries  in  the  Journal  are,  in  the 
first  instance,  written  in  chalk  on  the  black  board  called  the  lof-bwrd,  from  whudiihsj 
are  afterwards  transferred  to  the  l^g^hoolc.  The  correction  of  the  several  oourses  £)r 
leeway  and  variation  being  made,  and  tho  position  of  the  ship  at  noon,  as  dedneed 
ttom  the  sailings,  and  as  determined  by  observation  when  observations  are  taken, 
completes  the  day's  work,  and  renders  the  log-book  ajourmi/. 

From  what  has  already  been  said  as  to  the  unavoidable  imperfectiona  in  even  ihs 
most  oarefUl  measurements  of  a  ship's  course  and  distance,  the  difficulty  of  making  ihs 
proper  aUowanoes  for  the  leeway,  &c.,  and  of  estimating  the  cfiects  of  squalls,  euinnte, 
&c.,  it  will  readily  be  inferred  that  a  ship's  journal  would  soon  become  so  erroneoui) 
as  a  registry  of  actual  i^cts,  as  to  be  quite  valueless,  imless  repeatedly  rectified  by 
astronomical  observations.  In  the  absence  of  these,  such  a  journal  would  describe  little 
other  than  tho  imaginary  route  of  an  imaginary  ship,  which,  after  a  voyage  of  say 
length,  might  terminate  at  almost  any  point  of  the  globe  as  likely  as  at  the  point 
reached  by  the  real  ship.  Xo  opportunity,  therefore,  ^ould  be  lost  to  check  this  in- 
creasing tendency  to  error  in  the  dead  reckoning,  by  carefully  .determining  the  positioa 
of  the  ship  from  the  saf^  principles  of  nautical  astronomy ;  and  the  ship's  aceount 
should  be  regarded  as  of  value  only  in  so  far  as  it  can  be  made  auxiliary  to  the 
application  of  those  principles. 

The  letters  U,  K,  F,  at  the  heads  of  the  first  three  columns  in  the  following  aped* 
men  of  a  journal,  stand  for  hours,  knots,  and  fisithoms,  or  tenths  of  a  nautical  mils. 
The  entries  between  noon  and  midnight  are  ma^ed  P.M.  [poU  wiritfisi),  and  those 
hetweea  midnight  and  noon  are  marked  A.M.  ((mto  niericKmi). 
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TheiemUof  aMk  day'twork  is  iaaerted  at  the  bottom  of  tlie  page;  the  oourses 

being  oonaeted  £»  iMway  and  Tariation,  the  xeeult  exhibits  the  true  course  and  dis- 

tance from  th^  poixit  of  departure;  together  with  the  diff.  lat  and  diff.  long,  made  in 

As  tw<nty"fair  hoofs,  or  rather  the  latitude  and  longitude  reaehed. 

JSgtraetJrom  a  Jomnai  tfm  Vaymgefrom  St,  Michael  towards  England, 
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E,ftK, 

H.  JE. 
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i  Strong    breesei    and    hazy   weather ; 
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(  stay  sail. 
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a 

0 
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N.E.  »N, 
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0 

In  third  reef  topsail,  andaet  trysail. 

11 

2 

8 

mid,- 

night 

2 

6 

Ditta  weatiher. 

Monday,  Sept  12,             a.m. 

S 

4 

E.aE. 

N.E. 

S| 

Preeh  gales  and  hazy  weather* 

3 

6 

s 

More  moderate. 

3 

9 

4 

2 

Out  fotitth  r(^ef  of  t.>pMils. 

4 

S 

^.^M. 

E.*6. 

2* 

(Tacked;    strong   brtiu^oa    and  doudy 
\    weather. 

4 

0 

2 

Out  third  reef  topsail ;  set  jib  and  spanker. 

JF 

(Set  top  gal,  B^.      Fr^sh  brecjeed  and 
\  cloudy  weather.                         ^ 

4 
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1| 

4 

7 

1 
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4 

% 
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4 

8 
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Cot™. 
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IM,  DCClt. 

Lat.  obd.         1 

Lour.  oMt.  '  Loaff.  oba.      ^J^aS?^"' 
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Extract  from  a  Journal  of  a  Voyage  from  St,  Michael  towards  England, 


Lee- 
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F 

Cooisfrs. 

Windfl- 

TTfty. 

Bcmnifka  Monday,  Sept.  13, 1^^ 

1 

4 

6 

M^.  KJE. 
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Moderate  and  clear  weathiir.            p-m. 

3 
3 

5 
5 

0 
3 

N.^E^JR 

E^IK 
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f  Out  first  foef  topaaila,  set  J-oyalij  aii^d 
(     flying  jib. 

Light  breezes  and  clear  weather, 
(Ditto  weather.     Swell  from  E.   from 

4 

5 
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^      4  p.m.  till  8,  for  wMcli  allow  a  drill 
(     of  24  mileff. 

6 

6 

0 

6 

6 

1 

In  royals  and  flying  jib. 
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5 

8 

KB.R 

NJ!. 

1 

Talked. 

8 

5 

7 

9 

5 

0 

i 

Ditto  weatBer. 

10 

5 

3 

11 

5 

8 

0 

mid- 

night 

6 

2 

Ditto  weathen 

TuGBday,  Sept.  13tli,           a.m. 

1 

S 
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E,S.E, 

N.E. 

\\ 

Moderate  and  tUmr  wtather. 
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7  1 
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1 

Fiesli  breezes.    In  topgallant  sail. 

4 

6  ' 

4 
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E^NJil. 

K. 

14 

In  first  reef  topsaili. 

6 

5 
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7 

4 

a 

Strong  breezea  and  cloudy. 

8 

4 

3 

In  second  reef  topsails. 
■  Long,  by  chron.  at  8  a-m.      23^    2'  ¥. 

9 

3 

9 

2 

.   Diff.  long,  up  to 
Long,  atnoo 

noon      .             1 7'  E. 

<n  .         .22^  45'  T. 

10 

3 

4 

Flying  clouds,  with  Kglit  showers. 

11 

3 

3 
5 

21 

Freah  gales  and  squally  :  down  jib  and 
\      in  spanker. 
Lat.  at  noon  by  mer.  alt  38"  46'  K. 
Var,  20"  W.  by  aasimutlL 

noan 

Ooum. 

tHit. 

I^t,  aoij. 

LaLolH, 

Lon<r.  Acct. 

Lonir  Dba. 

Bearitig  and  dint,  ut 

N^ea^E, 

esm. 

38^43»N. 

STiffN, 

33fM'W, 

22P4yw, 

DOOn.   1 .1  gilUQ. 

N.^fl^ie,  Di8t.iMam. 

In  reference  to  the  two  preceding  days'  works,  it  will  be  observed  that  as  the 
variation  of  the  compass  is  westerly,  it  must  be  allowed  to  the  left  of  the  compass 
courses;  and,  therefore,  when  the  ship  makes  leeway  on  the  larboard  tack,  the 
difference  between  the  leeway  and  variation  is  the  correction  to  be  applied  to  the 
course, — to  the  left,  if  the  variation  is  the  greater,  but  to  the  right  if  the  leeway  is  the 
greater. 

When  the  ship  makes  leeway  on  the  starboard  tack,  the  allowance  for  it,  as  well  as 
that  for  variation,  being  to  the  left,  their  sum  will  be  the  correction  to  be  applied  to 
the  compass  course;  and  when  no  leeway  is  made,  the  only  correction  is  for  the 
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yariation.  Now  £.  N.  E.,  the  opposite  point  to  the  bearing  of  the  land  from  which 
the  departure  is  taken,  is  the  first  course ;  and  this,  and  the  drift,  being  corrected  for 
yariation,  and  the  other  courses  for  both  yariation  and  leeway  (when  there  is  any), 
and  the  distances  on  each  of  these  courses  added  up,  we  hayo  the  following  trayerse 
table  for  the  first  day's  work : 

TKAyERSE  TABLE. 


Ctouraes. 

Dist 

Diff.  Lat. 

Departure. 

N. 

s. 

E. 

W. 

N.E.  i  E. 

18 

121 

13-3 

N.E.  J  E. 

16-9 

10-1 

13-6 

N.E.  h.  E.  }  E. 

8-3 

3-5 

7-5 

E.S.E.  \  E. 

11-4 

2-8 

11-1 

S.E.  i  E. 

70 

4-7 

5-2 

S.E.  }  E. 

81 

4-8 

6-5 

N.N.W. 

4-3 

4-0 

1-6 

N.  i.W.iW. 

8-5 

80 

2-9 

N.  b.  W.  i  W. 

9-7 

9-4 

2.4 

N.  }W. 

4-2 

4-2 

•6 

N.  JW. 

9-6 

9-6 

•5 

8.  JW. 

180 

180 

•9 

60-9 

30-3 

57-2 

8-9 

30-3 

8-9 

HniirHA    X    RR**  V. 

Distance,  57  n 

dies. 

30-6 

48-3 

Lat.  left 
Di£lat. 

Lat.  in. 


37'  48' 
31' 

38**  19' 


Mer.  parts. 


M.  diflf. 


2453 

2492 
39 


Hence,  by  Mercator's  sailing,  page  64,  the  difference  of  longitude  is  1**  2'  E. 
Long.  left.  ...        25°  13'  W. 

Diff.  long.  ...  1°    2'  E. 


24°  ir  W. 
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Therefore  tiie  ship's  place  by  account  is 

Lat.  38°  19'  N.  Long.  24°  11'  W. 

From  11  A.  M.  till  noon  the  ship's  true  course  was  X.  k  W^  6  ad\»  oaaHy :  hsnoe 

the  difference  of  latitude  also  is  5  miles  nearly ;  and  this  added  to  the  latitude,  as 
determined  by  double  altitudes,  at  11  a.  m.  gives  88°  20'  N.  for  the  latitude  by  obser- 
vation at  noon. 

With  this  latitude,  and  the  longitude  by  account,  the  beariiig  and  distance  of  the 
Lizard  are  found  t»  be  If.  49°  J  E.,  1074  miles. 

The  courses  for  the  second  day's  work,  being  first  corrected  for  leeway  only,  as  Ihe 
variation  is  given  degrees,  we  have  the  following  traverse  table  :-^ 

TttATBBSB  TABLE. 


Courses. 

Dist. 

Diff.  Lat. 

Departure. 

N. 

8. 

E. 

W. 

N.  iE. 

9-6 

9-5 

1-4 

N.  b.  E.  i  E. 

23-0 

22-3 

5-6 

S.E.  b.  E. 

11-5 

6-4 

9-6 

S.E.  b.  E.  i  E. 

10-3 

4-8 

91 

E.S.E. 

120 

4-6 

11-1 

S.E.  1  E. 

11-6 

6-9 

9-3 

S.E.  b.  E. 

157 

8-7 

130 

E.  i  N. 

14-1 

1-4 

140 

E. 

7-3 

7-3 

E.  JS. 

6-8 

•7 

6-8 

W.  (swell). 

240 

24 

33-2 

321 

87-2 

24 

321 

24-0 

Compass  Co.,  N.  i 
Distance,  63  mile 

59°  E 

s. 

11 

632 

Compass  course    . 
Variation 

True  course 
Distance 


N.  89°  E. 
20°  W. 

N.  69°  E. 
63  miles. 
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With  iUs  oonae  and  di0ttnea  68  nilM,  ibund  from  tke  Tntrene  Table,  the  diff. 
hit  ttid  ieptftaufe  ue  found  to  be  2S*8  N.  and  58*8  E. 

Lat.  left 38*  20'  K. 

Diff.  lat 23'  5. 


LatbyMcount  38^  43*  V, 


LoBf.  left 2i«  11'  W. 

Di^llcms. r  16'  £. 


LoBg.  by  aeooont  .  22<*  66'  W. 


The  departure  made,  from  9  a.  m.  till  noon,  is  nearly  14  milei»  with  which,  and  the 
mid-latitade,  about  38}%  the  difference  of  longitude  is  found  to  be  17  miles ;  which, 
takm  from  23°  2*,  the  longitude  by  the  chronometer  at  9  a«  m.,  giyes  2T  45'  for  the 
longitude  by  t^  chronometer  at  noon. 

Oonelfuloiu — ^In  here  terminating  our  treatise  on  the  Principles  of  Navigation 
and  Kautical  Astronomy,  we  would  remind  the  reader  of  the  objects  proposed  in 
nadertaking  it,  as  sufficiently  declared  in  the  Introduction.  This  object  was  two- 
fold :  first,  to  furnish  to  the  mathematical  student  a  conyincing  proof  of  the  great 
pnetioal  value  of  the  abstract  sciences  which  he  cultivates ;  and,  second,  to  supply  the 
professional  navigator  with  the  theoretical  principles  on  which  his  rules  of  operation 
an  founded.  It  did  not  enter  into  our  plan  to  go  into  all  the  practical  details  of 
Bsn^ting  a  ship,  nor  to  dwell  upon  those  facilitating  expedients  which  could  be 
rendered  intelligible  only  by  the  aid  of  extensive  nautical  tables.  The  present  work 
u  offered  to  the  notice  of  the  mariner  more  in  the  character  of  a  companion  or  supple- 
ment to  the  books  of  rules  and  tables  in  every-day  use  at  sea,  and  as  serving  to  show 
Mm  the  scientific  theory  on  which  his  practice  is  based.  But  as  far  as  could  be  done, 
wi&out  special  tables,  we  have  fully  gone  into  the  calculations  necessary  for  deter- 
inining  the  xK>sifion  of  a  ship  on  the  ocean ;  and  have  shown  that  all  the  practical 
denumds  of  navigation  may  be  amply  satisfied  by  help  of  only  the  common  logarithmic 
tables,  and  that  knowledge  of  turning  them  to  account  which  the  elementary  prin- 
ciples of  plane  and  spherical  trigonometry  supplies. 

The  remaining  portion  of  the  present  volume  will,  in  an  especial  manner,  prove 
acceptable  to  the  mariner.  It  will  supply  an  extensive  amount  of  valuable  instruction, 
the  result  of  long  and  varied  experience,  digested  and  methodized  by  one  of  the  most 
diitinguiahed  scientific  navigators  of  the  present  day,  Lieut.  Maury  of  the  United 
States  navy.  Even  to  the  non-professional  reader,  the  philosophical  exposition  given 
by  this  eloquent  writer  of  the  physical  geography  of  the  ocean  wiU  offer  attractions  of 
no  eonmion  kind ;  and  we  consider  ourselves  fortunate  in  being  enabled  to  incorporate 
a  performance  of  so  much  merit  in  the  Ci&cle  of  the  Sciences. 

To  thif  trettiaa  juit  ooneluded,  we  shall  now  add  a  few  general  remarks  by  way  of 
ooiameni,  flabjoiidng  aome  interesting  and  valuable  information  respecting  the  action 
of  iron  dilps  on  the  compass. 
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It  cannot  fail  to  strike  an  attentiye  reader,  that  the  subject  of  Navigation  presents 
a  forcible  example  of  the  value  of  abstract  science,  even  in  circumstances  where  the 
practical  application  of  its  principles  would  seem  to  be  almost  precluded,  on  account 
of  the  unavoidable  imperfections  of  our  observations  and  experiments ;  of  the  instm- 
ments  with  which  we  work,  and  of  the  materials  upon  which  we  operate. 

The  mechanical  tools  or  implements  of  the  navigator  are  the  log,  the  compass,  the 
chronometer,  and  the  sextant ;  these  are  to  furnish  him  with  the  materials  upon  which 
his  science  is  to  work,  and  from  which  he  is  to  extract  his  all  of  information  in  sitoa- 
tions  where  no  external  aid  can  reach  him,  and  where  to  err  may  involve  li^B  and 
property  in  sudden  destruction.  Yet  the  mechanical  means  upon  which  he  thus 
depends  for  guidance  and  safety,  are  all  confessedly  imperfect ;  he  can  measure  with 
accuracy  neither  the  rate  at  which  he  sails,  nor  the  course  upon  which,  he  steers ;  and 
even  if  the  log  and  compass  were  perfect,  hidden  and  unsuspected  agencies  may 
vitiate,  and  falsify  the  indications  of  both.  The  sextant,  fortunately  is  beyond  the 
operation  of  these  disturbing  causes;  it  is,  moreover,  the  least  imperfect  of  all  his 
nautical  appliances,  and  accomplishes  the  important  end  of  rectifying  and  adjustmg, 
to  a  very  close  approach  to  accuracy,  what  the  other  instruments  may  have  done 
amiss.  It  is  among  the  most  valuable  gifts  that  science  has  ever  presented  to  man  to 
aid  him  in  his  necessities ;  Nautical  Astronomy  could  not  exist  without  it :  and  to  say 
that  it  is  not  perfect,  is  only  to  repeat  what  has  been  applied  to  every  work  of  man's 
hands.  The  best  sextants,  however,  are  sub-divided  to  no  smaller  arc  than  10%  so  that 
fewer  seconds  than  10  must  be  estimated,  by  help  of  the  microscope,  entirely  by  the 
eye.* 

As  just  noticed,  the  sextant — including  of  course  in  this  term  the  quadrant— ia  of 
the  utmost  use  in  correcting  the  results  of  the  dead  reckoning.  But  the  ship's  account 
continuously  accumulates,  and  its  errors  must  run  on  till  the  weather  and  the  sky 
furnish  opportunities  for  celestial  observations.  In  the  interim,  the  vessel  is  trosted 
almost  entirely  to  the  guidance  of  the  compass ;  and  it  most  unfortunately  happens  that, 
from  the  local  attraction,  the  ship  may  often  be  said  rather  to  direct  the  compass  than  the 
compass  to  direct  the  ship.  It  is  most  important,  therefore,  that  the  intervals  betweea 
observations  at  sea  be  shortened  as  much  as  possible  by  seizing  every  occasion  that  o£Bsn 
for  making  them.  From  what  is  taught  in  the  preceding  pages  the  reader  will  easily 
perceive  how  it  happens  that  even  very  gross  errors  in  the  dead  reckoning  become 
comparatively  inoperative  in  the  results  deduced  from  astronomical  observatiflO) 
although  the  calculations  founded  upon  these  observations  do  virtually  involve  the 
data  furnished  by  the  ship's  account.  These  data,  however,  do  not  directly  enter  into 
the  work ;  it  is  tJie  time  which  corresponds  to  them  that  is  employed ;  and,  fortunately) 
the  astronomical  elements,  taken  from  the  Nautical  Almanac,  in  reference  to  this  time— 
semidiameter— declination— right  ascension—horizontal  parallax,  &c.,  vary  so  little,  evett 
in  a  large  interval,  that  an  error  in  the  ship's  place  to  the  extent  of  a  quarter  of  ^ 
globe  would  not,  in  general,  entail  an  error  of  a  quarter  of  a  degree  in  the  adjustment 
of  that  place  by  the  lunar  observations,  provided,  at  least,  that  the  time  be  not  deduced 
from  the  moon. 

As  already  remarked  in  the  volume  on  the  Mathematical  Sciences,  page  71,  the 

*  The  error  of  this  estimation  can  never  reach  five  seconds,  so  that  the  corresponding  error  fa 
longitude  cannot  he  more  than  ahout  two  miles ;  an  error  that  is  quite  compatible  with  pertel 
safety,  except  in  very  extraordinary  circumstances  (see  page  158). 
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retsoningB  of  pure  geometry  tolerate  no  errors  in  the  premises ;  but  practice  can  never 
latisfjr  these  rigorous  conditions,  and  in  proportion  as  they  are  departed  from  will  be 
the  geometrical  shortcoming  of  our  conclusions.  At  first  sight,  therefore,  it  would 
seem  chimerical  to  hope  for  any  close  approach  to  accuracy  from  data  so  widely  erro- 
neous; but  when  it  is  considered  that  these  data  connect  themselves  with  other 
iependent  data,  which  are  incapable  of  error  beyond  a  very  limited  range,  we  at  once 
peioeiTe  that  these  latter  may  be  very  near  the  truth,  though  the  former  may  greatly 
lepart  from  it ;  and  that  if  the  inquiry  inyolye  the  dependent  data  only,  and  not  in  a 
iireet  manner  the  original,  the  inaccuracies  of  these  need  give  us  but  comparatively 
dtUeooneem. 

It  is  thus  that  a  yery  close  approximation  may  be  made  to  the  true  position  of  a 
ihip^  though  the  dead  reckoning  may  displace  her  many  degrees,  and  [though,  at  the 
lame  time,  we  employ  this  reckoning  in  the  operation,  as  if  it  involved  no  error  at  all. 
Bat  in  the  intervals  between  these  adjusting  observations  the  safety  of  the  ship  is 
often  wholly  dependent  on  the  trustworthiness  of  the  compasses,  and  of  late  much 
mischief  has  arisen  from  placing  too  implicit  a  confidence  in  them  in  certain  circum- 


Since  the  prevalence  of  iron  vessels,  the  disturbances  of  the  compass  have  been 
seriously  forced  upon  the  attention  of  scientific  men ;  and  the  subject  of  local  devi- 
ation, still  involved  in  considerable  obscurity,  is  becoming  more  and  more  a  matter  of 
anzioias  scrutiny  and  investigation.  The  importance  of  the  inquiry  was  strongly 
urged  by  Dr.  Sooresby,  at  the  meeting  of  the  British  Association,  at  Liverpool,  in 
1854.  "  There  were  certain  principles,"  observes  the  Bev.  Dr.,  "  connected  with  the 
navigation  of  iron  ships,  which  were  universally  admitted.  Those  principles  were, 
that  iron,  being  more  especially  disposed  to  the  magnetic  condition,  was  a  material,  of 
ooorse,  calculated  above  all  others  to  disturb  the  action  of  the  compass  on  board  the 
ship.  Again,  it  was  admitted  that  there  were  difficulties  in  the  navigation  of  iron 
ships,  arising  not  merely  out  of  the  original  or  primarily  magnetic  condition  and 
disturbing  influence  of  the  iron,  but  also  in  respect  of  certain  changes  which  had  been 
held  as  mysterious— changes  which  took  place  not  unfrequently  in  regard  to  ships 
whose  magnetic  condition  had  been  supposed  to  be  very  well  ascertained."  Dr. 
Sooresby  then  adverts  to  the  circumstances  connected  with  the  melancholy  wreck  of 
the  "  Tayleur,"  the  feite  of  which  must  be  in  the  recollection  of  all  our  readers.  The 
ship  "  Tayleur,"  a  new  vessel,  bound  to  Australia,  sailed  from  Liverpool  on  Thursday, 
January  19,  1844.  She  was  1,979  tons  burthen,  new  measurement,  and  she  had  on 
board  about  458  passengers,— the  crew  and  passengers  altogether  making  a  total  of 
528  persona.  She  left  the  Mersey  about  noon  on  the  above-named  day.  The  pilot 
left  her  between  seven  and  eight  o'clock  in  the  evening,  in  a  position  between  Point 
Lynas  and  the  Skerries.  On  Friday  she  encountered  very  heavy  weather ;  and  about 
eight  o'clock  on  the  following  morning  (Saturday),  it  was  for  the  first  time  ascertained 
tiwt  there  was  any  material  difference  between  tJie  compasses. 

There  were  three  compasses  on  board.  Dr.  Scoresby  makes  special  reference  to 
two  of  these.  One  of  the  two  was  near  the  helmsman,  and  was  the  one  by  which  he 
steered ;  and  the  other  was  near  the  mizen-mast.  Both  of  these  compasses  had  been 
what  is  called  adjusted,  by  permanent  magnets ;  so  that  if  the  principle  of  adjustment 
had  been  correct^  they  should  not  either  of  them  have  changed  or  differed  from  the 
other. 

Truating  to  the  compaas  near  the  helmsman,  the  captain  had  the  idea  firmly 
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impresied  ap<n  his  mind  that  he  wns  sailing  fairly  down  almost  mid-chamifll ;  at  tU 
erentf,  in  a  good  poeitioii  £ar  nayigating  the  Irish  ChanneL  The  other  oompMS 
indicated  a  diffsrenoe  of  aboat  two  points.  The  captain,  howeTer,  judging  torn, 
certain  indications  which  he  had  noticed  preTionslj,  assomed  that  the  wheel  conqatf 
was  the  correct  one. 

In  the  courseof  a  £ew  hoars,  about  half-past  eleren  o'clock  on  the  aaae  «"fr«Vfc 
the  wind  haying  inoreasedy  and  a  heayy  sea  setting  up  the  channel,  the  di^  msde 
rather  a  rapid  progress,  when  thej  suddenly  came  in  sight  of  land  on  the  lee  hean^  in 
such  a  position  that  there  was  necessarily  a  great  difficulty — in  this  case  (aooocdlBg  to 
the  measures  pursued)  an  insurmountable  difficulty — in  avoiding  the  land.  An  attfliipt 
was  made  to  wear  the  ship  round.  This  failed;  and  then  an  attempt  wiia  made  to  use 
the  anchors  to  bring  her  up.  Both  the  cables  snapped  on  the  oocaaiony  a&d  the  lUp 
was  then  left  helpless,  driying  broadside  upon  the  rocks  of  Lambay  Island.  The  xwolt 
was  the  fearful  catastrophe  with  which  moat  persons  are  aoqnainted— nsuslyy  the  kn 
of  about  290  liyes :  out  of  100  females  who  were  on  the  ship  only  thzea  esoiqped  vpea 
that  melancholy  occasion. 

Investigations  into  the  cause  of  the  calamity  were  undertaken,  and  the 
Board  of  Liverpool,  after  stating  that  Captain  Noble  had  given  vety  gieat 
the  ascertaining  of  the  oorreotness  of  his  compasses,  and  verifying  their  aotion  on 
difBerent  occasions,  report  that  "  notwithstanding  these  precautions,  it  appeait  to  tbii 
Board  that  the  ^*  Tayleur^'  was  brought  into  the  dangerous  position  in  which  the 
wreck  took  place  through  the  deviation  of  the  compasses,  the  cause  of  which  tiiey  {iht 
Marine  Board)  had  been  unable  to  determine." 

To  these  importaxtt  matters  Dr.  Scoresby  has  given  much  thought  and  attoitioDi 
and  he  finds  from  numerous  experiments,  some  of  which  are  very  simple,  tiai 
mechanical  violence  has  a  very  considerable  influence  upon  the  magnetie  oondition  of 
iron.  Thus,  an  iron  bar,  entirely  neutral  as  to  its  molecular  magnetisa,  if  held  ia  an 
upright  position,  or  inclined  in  the  axial  direction  uf  the  earth's  magnetism,  wen 
subjected  to  percussion  or  other  mechanical  violence,  not  only  did  its  magnetiaB 
becomo  much  more  powerful  than  that  of  simple  induction,  but  it  strongly  eshibitiifal 
augmented  polarity  when  placed  in  the  east  and  west  equatorial  position ;  and,  how^ 
ever  it  might  be  moved  about  and  swung  round,  its  polarity  remained  the  same.  Bf* 
Scoresby  applies  these  facts  to  iron  ships,  and  points  out  that,  in  conBeqaenoe  of  the 
percussive  action  to  which  the  material  is  exposed  while  the  ships  are  in  course  of 
construction,  it  became  as  intensely  magnetic  as  it  is  possible  for  malleable  iron  to  be. 
This  augmented  magnetism,  however,  is  not  permanent  or  fixed,  but,  imder  difBareat 
circumstances,  as  to  the  relative  directions  of  the  ship's  magnetism  and  that  of  tiv 
earth,  is  easily  changeable,  and  liable  necessarily  to  be  changed.  The  magnetifla 
developed  by  mechanical  violence  can  be  readily  neutralized  or  changed,  under  a  propff 
ohango  of  conditions,  by  other  processes  of  mechanical  violence. 

The  general  result  of  his  experiments  went  to  the  estabUshing  of  the  faot^  tint 
besides  the  two  denominations  of  magnetism  ordinarily  received— -^ihat  of  simple  te^ 
rostrial  induction,  and  that  of  permanent  independent  magnetism«*«4herB  is  asolhv 
denomination  corresponding  with  neither ;  not  being  absolutely  controllable,  Uke  tiv 
former,  by  terrestrial  influences,  nor  capable,  like  the  latter,  of  resisting  all  kindi  of 
mechanical  violence.  To  this  third  denomination  he  gives  the  name  of  Betentlfi 
Magnetism,  and  which  he  proves  to  be  a  fluctuating  quality,  though  hitherto  oooiir 
derod  as  permanent.    On  the  contrary,  the  long-continued  vibration  of  A  ship  ua^ 
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and  miioh  more  to  the  ttraining  of  the  yc88«l  in  a  heavy  soa,  under  the  oiroum- 
itenoM  when  the  terreatrial  induction  might  bo  acting  in  a  very  different  direction 
ftom,  the  original  axial  polarities  of  the  ship,  would  be  sufficient  to  change  the  direction 
of  the  BiagnetiRm  originaUy  deyeloped  in  the  course  of  her  construction.  Hence,  he 
obaartea  much  would  depend,  in  respect  of  the  mechanical  action  of  the  sea,  on  the 
peiitioa  in  which  the  ship  had  been  built.  In  the  case  of  the  **  Tayleur,"  when  he 
finl  heard  of  the  cataatrophe  and  had  read  the  evidence,  he  stated  to  some  friends  at 
Toiqiiaj  that  he  would  Tenture  to  affirm  that  she  had  been  built  with  her  head  norths 
wardf  Im  found  on  inquiry  that  she  had  been  built  with  her  head  nearly  north-east. 
Heore  Ihea,  he  adds,  were  the  precise  circumstances  for  expecting  a  change  in  the 
ship's  magnetic  distribution.  Having  been  built  with  her  head  to  the  north-east,  she 
had  a  certain  magnetio  diatribution  accordingly,  and  when  she  began  to  strain,  with 
hsr  head  to  the  south<-Weat,  that  distribution  was  necessarily  changed,  and  the  first 
effBot  of  it  had  been  to  produce  a  great  difference  in  the  two  compasses  adjusted  by 
fixed  magnetiu  If  the  eaptain  had  been  aware  of  the  changes  which  might,  and  most 
probably  would,  take  place  when  the  ship  began  to  strain  in  a  different  position  from 
that  in  which  she  had  been  built ;  if  he  had  known  that  the  compasses,  haying  so  large 
aa  original  deviation  as  60%  might  vary  as  much  as  two,  three,  or  even  four,  points, 
he  would  have  kaown,  of  course,  that  he  must  place  no  reliance  upon  them. 

It  is  most  important,  therefore,  continues  Dr.  Scoresby,  for  safety  in  navigating 
theae  Teaseli,  that  captains  should  be  made  aware  of  the  liability  of  the  compasses  to 
ckange^  and  so  to  mislead  them ;  that  they  should  know  the  circumstances  under 
whiohy  in  accordance  with  natural  laws  regulating  and  applying  the  earth's  inductive 
action,  changes  were  most  likely  to  occur ;  that  they  should  be  always  watchful  of 
opportunities  for  determining  the  true  magnetic  direction,  with  reference  to  their 
compasses,  by  observations  of  the  sun  and  stars ;  and  that  by  providing  a  place  lor  a 
standard  compass  aloft,  as  far  from  the  deviating  influence  of  the  body  of  the  ship  as 
possible,  they  might  have  guidance  sufficient,"with  some  small  allowances,  for  steering 
a  eonreet  magnetio  course.  With  such  precautions,  Dr.  Scoresby  did  not  doubt  that  the 
diffieuUieB  in  respect  of  compass  guidance,  in  the  navigation  of  iron  ships,  might  be 
mainly  and  practically  overcome. 

These  remarks  and  suggestions  from  an  experienced  navigator  so  well  acquainted 
with  his  subject  deserves  the  serious  attention  of  mariners ;  and  there  is  no  doubt  that, 
even  in  wooden  sin-pa,  such  a  locality  for  a  standard  compass,  as  he  here  recommends, 
would  prove  of  service.  In  iron  ships,  as  sufficiently  shown  above,  any  compass- 
adjusting  apparatus,  applied  at  the  outset  of  a  voyage,  becomes  of  little  or  no  avail 
when  the  vibration  and  strain  of  the  vessel  are  thus  known  to  change  its  magnetic 
condition,  and  any  confidence  placed  in  such  adjustments  is  likely  to  beget  a  feeling  of 
security,  and  to  allay  apprehension,  even  in  situations  of  the  most  imminent  periL 

For  a  fuU  accoimt  of  Dr.  Scorcsby's  viewrs,  and  of  those  of  Mr.  Towson,  another 
very  competent  authority,  the  reader  is  referred  to  "  The  Proceedings  of  the  Twenty- 
fourth  Meeting  of  the  British  Association  for  the  Advancement  of  Science." 


NoTB  ON  THE  Pendulum  Expeeimbnt.— Pagb  82. 

The  interesting  conclusion  arrived  at,  at  page  82,  in  reference  to  the  time  in  which 
&e  horizontal  meridian  line  performs  a  complete  revolution  is  rendered  somewhat 
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obscure  by  a  clerical  error, wbicli  the  small  space  at  our  disposal  here  enables  us  to  coirect 

Instead  of  "  angle  of  deyiation"  at  line  16, 
it  should  have  been  "  angle  at  the  base ; 
and  "  {x)"  a  little  lower  down,  should  be 
<  *  or."  The  general  conclusion  airiyed  at  in 
the  text  is  that  the  angle  of  deyiatioii  of  tiie 
horizontal  meridian  from  its  first  position, 
is  to  the  corresponding  angle  of  reTohitiflai 
of  the  earth  about  its  a3ds,  as  the  sineof  tiie 
latitude  of  the  place  is  to  unity;  tihitii 


angle  of  deviation 
angle  of  reyolution 


=:  sin  latitiute 


Hence  the  angle  of  reyolution  of  the 
earth  in  any  time  being  represented  by  ii^ 
we  have,  generally, 

angle  of  deyiation 

sin  latitude 

So  that  when  the  horizontal  meridian 
has  completed  an  entire  circuit,  that  is, 
when  the  angle  of  deviation  is  360°,  we 
have,  as  in  the  text 


360°    jjj  24  hours 
"  sin  lat        sin  lat 


,  in  time. 


In  the  article  here  referred  to,  the  name 
of  Foucault  has  been  inadvertently  spelt 
Faucault. 
The  annexed  figure  will  give  a  suificient  idea  of  the  manner  in  which  the  pendulum 

experiment  may  be  exhibited. 

J.  H.  lOUXG. 


PRACTICAL  ASTRONOMY. 


VMY  is  that  science  which  teaches  the  distribution  and  arrangement  of  the 
^  bodies,  their  true  and  apparent  motions  in  space,  their  magnitude,  distance, 
deal  condition ;  and  its  history  presents  some  of  the  most  brilliant  examples  of 
Lopment  of  the  human  mind. 

momj  essentially  owes  its  existence  as  a  science,  as  well  as  its  present 
)f  perfection,  to  continuous  observations  of  the  heavenly  bodies,  from  the 
shings  of  the  Chaldean  shepherd  to  the  refined  instrumental  measurements  of 
nomers  of  the  nineteenth  century.  But  if  the  accumulated  observations  of 
I,  which  the  genius  of  man  would  naturally  endeavour  to  preserve,  had  not 
le  subservient  for  the  prediction  of  recurrences  of  the  same  phenomena,  Astro- 
>iild  exist  only  in  name,  and  cease  to  hold  its  high  position  among  the  accurate 
Its  course,  however,  has  not  always  been  progressive :  it  is  only  within  the 
centuries  that  the  errors  of  antiquity  have  been  completely  eradicated.  To  the 
1  of  the  telescope,  and  its  application  to  graduated  instnmients,  we  are  in  a  great 
indebted  for  this  progress,  which,  in  a  physical  point  of  view,  it  is  impossible  to 
mate,  for  it  has  permitted  great  and  permanent  advances  to  be  made  in  the  accu- 
rvations  of  the  heavenly  bodies.  By  the  latest  improvements  in  these  instruments, 
len  have  been  enabled  to  note,  with  an  incredible  degree  of  pTee\&\OT\)>i)Kift  v^"^^* 
«■  of  the  fixed  stars  and  planets.    In  this  manner,  as  tiie  acounucy  oi  cS^«nr^«)Ania 
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iocreafed,  the  erron  of  the  ancient  theories  exhibited  thenuelTes  more  clearly,  and  the 
mind  of  man  has  been  enabled  to  explain,  on  sound  and  natiml  principles,  the  new 
phenomena  which  thej  hftre  rsTealed.  The  discorery  of  the  abenratldA  of  lig^t  and  of 
the  nutation  of  the  earth's  axis^  two  of  the  greatest  discof«ries  of  anjc  j^  hare  tlms 
resulted,  haTiaf  aiEndad  to  Dr.  Bradlej  the  means  of  inreftifaiing,  by  aaoiiato  obeerra- 
tion  of  the  phMsa  of  the  stan,  the  preceding  disooreij  by  Boeiaer  of  ttm  anoeesnTe 
transmiasion  of  1]|^  which  ho  had  determined  by  obsenrationa  of  the  edipaes  of 
Jupiter's  aatellitit. 

The  total  ofwtibfowoftfae  Ptolomaie  system  is  owing  to  the  same  oniae— the  olier- 
Tationi  of  Tyabo  Bnib^  having  famished  meana  of  dearly  exhibitnig  to  Kepler  ihe 
errors  of  •  diovlar  hypothaaia,  in  the  same  manner  as  the  errora  of  tfao  Alphonsine 
tabjoi^  baaf4  alfo  on  the  Ptolemaic  theory,  pointed  out  to  Capeadffm  th»Ofrail  of  the 
ancient  phlloaophy,  when  it  was  disooYcred,  about  the  epoch  of  1M0«  tet  they  diftred 
more  than  two  degrees  of  the  truth.  Calculation  has  also  lent  its  aid  in  reducing  to kw, 
and  in  grappling  with  difficultiea,  problems  which  the  happy  invention  of  logarithms  have 
rendered  accessible,  and  which  in  other  respects,  without  this  assistance,  would  be  almo6t 
insunsoantable. 

We  find  that,  amongst  the  most  ancient  nationa  of  antiquity,  the  appearance  of  tiie 
heavens  was  attentively  watched.  And,  in  the  first  place,  that  the  motiona  of  the  son 
and  moon  commanded  attention,  in  regard  both  to  the  dutiea  of  the  husbandman  and 
appointments  for  the  assemblage  of  large  masses  of.  the  people.  The  Egyptians  and 
Chaldeans  discovered  that  the  motions  of  these  bodies  and  the  planets  were  all  perfoimed 
within  a  certain  compass  of  the  heavens,  which  was  termed  the  Zodiac ;  the  names  of 
the  constellations  through  which  this  belt  passed  having  especial  reference  to  the  motions 
of  the  sun.  Wo  also  find  that  eclipses  of  the  sun  and  moon  were  recorded  with  super- 
stitious veneration ;  whilst,  in  connection  with  the  foolish  study  of  judicial  astrology,  the 
positions  of  the  planets,  with  reference  to  bright  stars,  were  also  carefully  noted.  The 
Egyptians  and  Chaldeans  were  acquainted  with  the  time  of  the  revolutions  of  the  mooa's 
nodoii,  an  epoch  which  they  termed  the  SaroSf  which  would  give  them  the  means  of  pre- 
dicting eclipses,  recurring,  as  they  naturally  would,  in  the  same  eras.  The  Ghaldeani 
were  also  acquainted  with  the  lunar-solar  period  of  600  years,  which  Joaephus  attri- 
buted to  the  ancient  patriarchs,  although  Pliny  cites  Hipparchus  as  its  author.  Their 
primitive  observations  appear  to  have  consisted  in  the  heliacal  rising  of  bright  itan,  sod 
probably  in  the  use  of  the  gnomon  or  sun-dial. 

Thales,  of  Miletus,  in  Asia  Minor,  who  had  studied  the  astronomy  of  the  Egyptian^ 
is  supposed  to  have  predicted,  by  a  knowledge  of  the  period  of  6S5  days,  or  the  Ssroi^ 
the  famous  eclipse  which  occurred  about  585  b.c.,  and  which  is  recorded  by  Herodotoi. 

Thales,  on  his  return  from  Egypt,  founded  the  Ionian  school  (b.c.  640).  Thissebaol 
had  for  its  followers  Anaximander  (b.c.  610),  Anaximenes  (b.c.  530),  and  Anajagom 
(b.o.  500):  The  first  is  known  by  a  most  useful  invention,  viz.,  that  of  g^ograi^iied 
charts.  The  others  added  some  fanciful  notions,  in  addition  to  those  of  Thales,  on  the 
construction  of  the  universe ;  and  they  all  appear  to  have  believed  in  the  plurality  of 
worlds.  The  most  enlightened  disciple  of  this  school,  however,  was  Pythagoras  {B.e, 
580),  who,  having  been  advised  by  Thales  to  travel  into  Egypt  to  perfect  his  studies 
became  initiated  in  the  secret  mysteries  of  the  priests  in  a  greater  degree  than  any  of  hii 
predecessors.  He  founded  a  school  in  Italy  on  his  return,  where  the  doctrines  of  tlie 
/  Ionian  Bobool  were  promulgated  in  a  greater  degree.  He  appears  to  have  be« 
/   acquainted  with  tho  earth's  rotation  on  ita  ax\a,\\.%«an\ielTwolution,  and  its  spherieil 
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figure,  dootrines  which,  in  imitation  of  the  Egyptian  priefta,  were  kiept  eeoret  from  the 
multitude. 

But  the  first  approach  to  a  lystematio  lyitem  of  astronomy  was  that  of  the  Alexan- 
drian aohool,  where  we  find  obseryationa  carried  on  regularly,  and  a  theory  which, 
though  founded  in  error,  rudely  satisfied  the  obsenratioDa  of  the  period.  The  most  dis- 
tinguished members  of  this  school  were  Aristarchus  of  Samoa  (B.a  281),  Eratosthenes 
of  Gyrene  (B.a  276),  and  Hipparohua  of  Bythinia  (B.a  140).  Aristarchus  is  fiunous  for 
having  made  an  approximation  to  the  distance  of  the  sun  from  the  earth,  by  the  angular 
measarement  of  the  distance  of  the  sun  and  moon  at  the  time  at  which  the  moon  is 
half  illuminated.  Having  found  that  the  moon's  angular  distance  at  this  period  was 
ir,  he  thenoe  concluded  that  the  sun  was  distant  eighteen  or  twenty  times  that  of 
the  moon.  This  method,  however  ingenious,  fails  in  consequence  of  the  roughness  of 
the  moon'a  surfroe.  By  careful  observations  of  the  sun's  path,  he  also  made  an  approxi- 
mation to  the  diameter  of  this  body,  which  he  considered  to  be  y^th  part  of  the  whole 
daily  motion — an  observation  not  very  far  from  the  truth.  His  tract  on  the  magnitude 
and  distances  of  the  sun  and  moon  has  been  preserved.  In  addition  to  the  tenets  of 
the  Alexandrian  school,  he  was  of  opinion  that  the  stars  were  at  distances  immensely 
greater  than  the  sun,  on  which  account  this  astronomer  must  hold  a  high  rank  among 
tiuMe  of  antiquity. 

Eratosthenes  of  Gyrene,  who  lived  B.a  276,  is  known  for  a  determination  of  the 
obliquity  of  the  ediptic,  by  obeervations  of  the  altitude  of  the  sun  at  the  summer  and 
winter  aolaticee— an  observation  of  great  value,  as  showing  the  progressive  diminution 
of  thia  element  when  compared  with  modem  observations.  He  also  made  an  approxi- 
mation to  tiie  magnitude  of  the  earth  on  correct  principles  by  the  measure  of  the  celes- 
tial arc,  included  between  Syene  and  Alexandria,  combined  with  the  known  distance 
between  the  two  places.  Syene  was  one  of  the  most  southern  cities  of  ancient  Egypt, 
where  it  happened  that  at  the  summer  solstice  the  sun  was  exactly  vertical,  which  he 
ittsrmined  by  the  fact  that  a  deep  well  was  wholly  illuminated.  At  Alexandria,  which 
was  situated  in  the  same  meridian,  and  at  the  same  period  of  time,  the  sun's  zenith  dis- 
tance was  T  12',  or  one-fiftieth  part  of  the  whole  circumference.  The  distance  of  the 
two  places  was  known  to  be  5,000  stadia,  whence  he  concluded  that  the  circumference 
of  the  earth  was  250,000  stadia.  The  great  uncertainty  of  the  length  of  the  stadium 
does  not  permit  us  to  make  use  of  this  determination,  or  to  compare  it  with  the  method 
pUBued  with  more  accurate  instrumental  means  by  modem  astronomers. 

Apollonius  of  Perga  deserves  also  to  be  mentioned  as  having  invented  the  system  of 
dsferanta  and  epicycles,  for  the  purpose  of  accounting  for  the  direct,  stationary,  and 
retrograde  appearances  of  the  planets. 

But  one  of  the  greatest  astronomers  of  antiquity,  Hipparchus  (b.o.  140),  now 
ippearedy  frmious  aHke  as  an  accurate  observer  and  geometer.  To  this  distinguished 
maa  we  are  indebted  for"  the  discovery  of  the  "  precession  of  the  equinoxes."  The 
qfpearanoe  of  a  new  star  led  him  to  form  a  star  catalogue,  by  a  comparison  of  which 
with  a  former  catalogue  of  the  same  school  this  important  element  became  evident. 
He  waa  also  acquainted  with  the  unequal  motion  of  the  sun  in  its  orbit,  and  the  in- 
cqoality  of  the  solar  days.  The  former  he  endeavoured  to  explain  by  a  modification  of  the 
pveeeding  system  of  deferents  and  epicycles,  which  will  be  explained  in  its  proper  place. 

The  revolution  of  the  moon's  nodes,  and  the  inclination  of  its  orbit  to  the  ecliptic^ 
ware  also  known  to  Hipparchus,  as  well  as  the  eccentricity  of-  t\ie  sun!  a  oi\»\\.  «xi^^« 
■otion  of  tiie  apsides.     Bf  a  compgriaon  of  his  obaervationa  oi  Oi«  %xKXi  '^^  V^DA 
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former  astronomers,  he  determined  the  length  of  a  tropical  year.    His  solar  tables 
were  held  in  high  estimation  hj  Ptolemy  three  centuries  after  their  construction. 

Ptolemy  (b.c.  130)  collected  the  observations  of  the  Alexandrian  school  in  his 
Almagest,  a  work  which  existed  as  a  text-book  among  astronomers  for  centuries.  He 
is  famous  for  haying  discovered  the  evection  of  the  moon,  imperfectly  known  to  Hip- 
parchus ;  and  by  a  comparison  of  observations  of  eclipses,  and  at  the  other  parts  of  the 
moon's  orbit,  he  empirically  determined  its  amount  with  a  great  degree  of  accuracy. 
He  confirmed  the  value  of  the  precession  of  the  equinoxes,  previously  discovered  by 
Hipparchus.  He  also  proportioned  the  magnitudes  of  the  deferents  and  epicycles, 
for  the  purpose  of  explaining  the  planetary  motions,  which  had  been  previously  invented 
by  ApoUonius  and  Hipparchus,  whence  the  name  of  the  *'  Ptolemaic  System."  In  his 
Geography,  he  collected  the  longitudes  and  latitudes  of  all  known  places.  He  also  left 
behind  him  many  other  works,  testifying  to  his  skill  and  genius  as  a  philosopher. 

.  After  the  death  of  Ptolemy,  the  Alexandrian  school  existed  only  in  name.  During 
five  centuries  the  discoveries  of  Hipparchus  and  Ptolemy  were  not  extended,  and  the 
labours  of  its  followers  consisted  principally  in  commenting  on  their  works,  and  in 
noting  extraordinary  phenomena. 

After  the  dissolution  of  the  Alexandrian  school,  the  science  of  astronomy  in 
Europe  had  almost  disappeared ;  but  among  the  Arabs  it  had  been  cultivated  with  some 
success  under  the  auspices  of  the  more  enlightened  caliphs.  The  Almagest  of  Ptolemy 
was  translated  into  their  language,  and  their  annals  transmit  to  us  many  obflervations  of 
the  sun,  moon,  and  planets,  as  well  as  the  measure  of  a  degree  of  latitude.  Among  the 
Arabian  astronomers,  Albategnius  deserves  honourable  mention  as  an  industrious  and 
accurate  observer.  He  confirmed  and  corrected  the  rate  of  the  precession  of  the  equinoxes, 
and  also  determined  the  obliquity  of  the  ecliptic,  which,  from  several  collateral  cireiuii- 
stances,  is  entitled  to  great  confidence.  He  also  paid  considerable  attention  to  the 
theory  of  the  sun,  and  determined  the  eccentricity  of  its  orbit  with  accuracy.  He  also 
found  that  the  apogee  of  the  sun  was  subject  to  a  small  annual  displacement,  aooordisg 
to  the  order  of  the  signs,  and  determined  its  position  at  that  period  to  be  in  the  coo- 
stellation  Gemini,  which,  when  compared  with  the  modern  elements,  does  not  diiSsr 
more  than  40'  from  the  truth.  The  astronomy  of  the  Arabians  does  not  open  to  us  say 
new  theories,  but  is  merely  an  extension  of  the  system  of  Ptolemy.  In  the  ait  of 
observation  they  had,  however,  improved ;  larger  instruments  and  more  refined  oaloa- 
lations  had  been  introduced  by  them,  on  which  account  their  investigations  are  entitled 
to  hold  a  high  rank  in  the  history  of  astronomy. 

After  the  Persians  had  thrown  off  the  yoke  of  the  Arabians,  Holeg  Heooukhai^ 
one  of  the  Persian  sovereigns,  founded  an  academy  of  astronomers,  where  they  fonaid 
new  tables  based  on  the  Ptolemaic  system,  with  trifling  changes  in  their  elements.  But 
the  greatest  praise  is  due  to  TJlugh  Beigh,  one  of  their  princes,  who  was  a  great  psfiW 
of  this  science,  as  well  as  an  observer,  and  who  formed  a  catalog^  of  stars,  and 
improved  the  solar  and  planetary  tables.  He  also  determined  the  obliquity  of  tiM 
ecliptic,  and  the  precession  of  the  equinoxes. 

The  next  epoch  of  the  history  of  astronomy  conunences  with  its  revival  in  Europe 
when,  after  the  overthro'v^  of  the  Arabian  Empire,  it  again  became  cultivated  in  Spaia. 
Alphonso,  the  tenth  king  of  Castile,  collected  a  body  of  astronomers  at  Toledcs  and 
having  made  use  of  the  observations  of  the  Arabians  for  the  purpose  of  ooireeting  tfii 
planetsaj  motions,  published  the  Alphonsine  tables,  which  are  more  correct  than  any 
which  preeeeded  them  in  sonie  reapeotB,  Wt  tbieix  accuracy  was  not  commensurate  with 
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the  great  trouble  and  expeaae  they  oooasioned.  The  great  confusion  of  the  Ptolemaic 
lyBtem,  cansed  Alphonso  to  Bay,  *<that  if  he  had  been  consulted  at  the  creation,  he 
could  haye  dcTised  a  better  arrangement."  In  Austria,  the  study  of  astronomy  was 
cultiyated  under  the  auspices  of  Albert,  the  third  duke,  and  Frederick  the  second 
emperor.  In  the  15th  century,  Purbach,  Regiomontanus,  and  Waltho  liyed,  known  as 
assiduous  cultivators  of  this  science.  Ephemerides  of  the  planets  and  eclipses  were 
published  for  the  meridian  of  Vienna  from  1475  to  1505,  by  Regiomontanus,  who,  being 
also  an  obserrer,  was  well  acquainted  with  the  errors  of  the  Alphonsine  tables,  the 
place  of  Mars  being  above  T  in  error.  At  this  period,  the  art  of  measuring  time 
received  an  important  improvement  by  the  substitution  of  clock-work  motion  for  the 
elepsy  dr»  of  the  ancients,  which  also  increased  the  accuracy  of  observations.  About 
ibis  period  the  true  system  of  the  universe  forced  itself  on  the  attention  of  Copernicus. 

This  distinguished  astronomer,  who  saw  clearly  the  errors  of  the  Ptolemaic  system, 
and  who,  after  thirty-six  years  of  study,  published,  in  a  dear  and  connected  form,  the 
present  system  of  the  world,  was  bom  at  Thorn  in  Prussia,  in  1473,  four  years  before 
the  death  of  Regiomontanus.  The  ancient  systems  of  astronomy,  as  related  by  Plutarch 
and  Cicero,  had,  by  their  extreme  simplicity,  captivated  his  mind,  and  to  tl^  circum- 
stance we  owe  his  explanation  of  the  celestial  motions ;  an  explanation  which,  how- 
ever imperfect  in  several  respects,  shows  his  originality.  In  his  system  he  adopted 
tiie  hypothesis  of  the  earth's  rotation  on  its  axis,  its  annual  revolution  round  the  sun, 
in  common  with  the  other  five  known  planets,  whose  distances  from  the  great  central 
body  he  proportioned.  As  regards  the  "  precession  of  the  equinoxes,"  he  conceived  it 
to  arise  from  a  small  motion  of  the  earth's  axis.  In  consequence,  however,  of  his 
ignorance  of  the  elliptical  motions  of  the  planets,  he  was  unable  totally  to  abolish  the 
system  of  epicycles.  The  work  which  contained  his  explanations  was  dedicated  to  Pope 
Paul  ni.,  and  it  was  owing  only  to  the  urgent  representations  of  his  scientific  friends, 
that  he  was  induced  to  publish  it  in  the  form  of  an  hypothesis.  He  had  only  revised 
the  last  proof  sheet  when  death  put  an  end  to  his  labours  in  his  seventieth  year. 

One  of  the  most  important  inventions  ever  introduced  by  the  genius  of  man  was 
afterwards  appUed  to  the  observations  of  the  heavenly  bodies  by  Galileo.  This  was  the 
telescope,  which  has  enabled  the  astronomer  to  overcome  the  feebleness  of  his  natural 
vision,  and  to  examine  leisurely  and  attentively  the  physical  constitution  of  the  celestial 
bodies.  Galileo,  an  ardent  follower  of  Copernicus,  was  immediately  convinced  of  the 
troth  of  the  system,  when,  having  observed  the  phases  of  Yenus,  he  traced  their 
connection  to  their  elongation  from  the  sun,  and  found  that  the  orbit  of  this  planet 
was  included  within  the  earth's  orbit.  Galileo  also  discovered  the  four  satellites  of 
Jn^ter,  and  was  acquainted  with  the  existence  of  spots  on  the  sun,  from  which  he  con- 
dnded  the  rotation  of  that  body  on  its  axis.  He  appears  also  to  have  first  applied  the 
pendulum  to  the  clock. 

The  overthrow  of  the  Ptolemaic  system  followed  quickly  on  the  footsteps  of  Coper- 
nicas  and  GWleo,  but  not  tiU  the  new  system  had  encountered  much  opposition. 
Tyeho  Brah^  who  was  bom  in  1546,  is  celebrated  in  having  supplied  observations  of 
greater  excellence  than  any  of  his  predecessors.  The  cultivation  of  practical  astronomy 
had  made  but  little  progress  since  the  time  of  the  Arabs,  and  the  new  theory  required 
accurate  observations  to  test  its  correctness.  Tycho  thus  paved  the  way  for  Kepler  to 
mske  his  splendid  discoveries.  Personally,  however,  he  resisted  the  Co^rm!&<ttXL 
theory,  and  invented  an  hypothesis  of  his  own,  retaining  the  eailH  aa  Vhe  donoiXx^  ol^^ 
mnverse,  butnuikio^f£#  sun  the  centre  of  the  .planetary  motiona.    TVi\e  vj^Vem V^ 
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few  admirers ;  but  the  accuracy  and  number  of  his  planetary  observations,  his  stir 
catalogue,  his  discovery  of  the  "  variation"  of  the  moon,  and  his  table  of  lefractioDS, 
give  him  a  high  position  among  the  astronomers  of  his  period.  From  the  planetary 
observations  of  Mars,  the  immortal  discovery  of  the  elliptic  motions  of  the  planets  hu 
resulted.  Kepler  placed  such  confidence  in  the  observations  of  Tycho,  that  he  affirmed 
his  belief  that  the  true  system  of  the  imiverse  might  be  founded  on  them.  Taking  at 
first  the  Copemican  doctrine  of  a  circular  hypothesis,  he  found  that  a  difference  of  8' 
exLsted  between  the  theory  and  observation  of  Mars,  which  difference,  from  the  aoca- 
racy  of  the  observations,  he  had  no  doubt  was  attributive  to  an  erroneous  liypothesis. 
After  labour  infinitely  great,  extending  over  a  period  of  twenty  years,  he  discovered 
his  three  famous  laws  which  serve  as  the  foundation  of  modem  astronomy.  Kepler 
appears  also  to  have  had  some  notions  on  gravity ;  and  he  left  as  well  some  tracts  on 
optics.  The  laws  which  he  had  determined  for  the  sun  and  planets,  were  found  also 
to  extend  to  the  satellites  of  Jupiter,  they  having  been  just  discovered  by  Galileo, 
Huygens,  and  Cassini 

Among  the  disting^hed  men  who  followed  Kepler,  mention  must  be  made  of  Huy- 
gens, Hevelius,  Casaini,  and  Boemer.  The  first,  in  addition  to  his  optical  and  mechani(»l 
improvements,  described  the  ring  surrounding  Saturn  as  well  as  one  of  its  satellites,  and  ii 
saidto  have  applied  the  pendulum  to  clocks — a  discovery  also  claimed  for  Galileo.  Hereliiii 
is  known  as  a  persevering  observer.  But  all  his  observations  were  made  with  the  naked 
eye ;  and  although  he  was  able  to  estimate  angular  spaces  by  these  means  to  a  won- 
derful degree  of  accuracy,  whieh  Dr.  Halley  confirmed  by  direct  comparison,  his  obie^ 
vations  cannot  be  made  use  of  in  any  delicate  inquiry.  His  researches  on  comets,  and 
his  tables  of  the  sun,  rank  him  in  a  high  position  among  practical  astronomers.  Gaaiiia 
formed  tables  of  Jupiter's  satellites  from  observation,  and  determined  the  rotation  of 
Jupiter  and  Mars.  He  also  occupied  himself  wiih  refractions,  and  made  a  theoay  of  ^ 
libration  of  the  moon,  which  had  been  left  in  an  imperfect  state  by  Hevelius.  Boemff 
is  known  as  the  inventor  of  the  transit  instnmient  and  meridian  circle,  with  wbiek 
instruments  he  carried  on  a  series  of  observations  of  the  heavenly  bodies  for  several  ytan; 
but  only  three  days  have  been  preserved,  the  others  having  been  destroyed  in  the  greit 
fire  which  occurred  at  Hafnia.  Boemer  also  discovered,  by  comparison  of  Cassuifi 
tables  of  Jupiter's  first  satellite,  the  successive  transmission  of  light  The  discovery  d 
luiversal  gravitation  by  Newton,  at  the  latter  end  of  the  seventeenth  century,  prodocoi 
a  total  revolution  in  astronomy,  and  enabled  its  illustrious  author  to  account  for  tha 
previous  empirical  deductions  of  Kepler. 

Since  the  discovery  of  gravitation  by  Sir  Isaac  Newton,  astronomy  has  been  mofll 
advanced  by  the  establisbment  of  observatories.  And  in  this  respect  England  has  gioit 
reason  to  be  proud  of  her  position,  her  astronomers  having  followed  up  this  immorlil 
discovery  by  a  series  of  observations  unexampled  for  their  extent — an  object  which  ii 
essentially  necessary  in  order  to  continue  the  comparison  of  theory  and  observation  for  the 
correction  of  the  elements  of  the  system.  The  accuracy  of  the  science  has  been  ooor 
siderably  increased  by  the  institution  of  the  Boyal  Observatory  at  Greenwich,  bo(k 
with  regard  to  the  eminent  men  who  have  directed  this  establishment,  and  to  tlie 
continuous  mass  of  observations  which  it  has  furnished.  Founded  by  King  Charles  U, 
in  1675,  it  has  had  for  ita  directors  successively  Flamsteed,  Halley,  Bradley,  Blitf^ 
Maskelyne,  Pond,  and  Airy. 

Flamsteed  ia  known  as  the  greatest  observer  of  the  age  in  which  he  lived.  Patrozused 
bjT  Sir  Joaaa  Moore,  to  whom  the  foundation,  oi  ^^[Lfe  Qtxft«D.m^iL  Observatory  is  dnft 
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he  canidd  on  £dc  aiaaj  yoan  oontinaoua  obaerTationfl  of  the  pkneta  and  Azed  t(tu9,  and 
oontribttted  materially  to  fUmiah  Sir  laaac  Newton  with  the  obeerratioaa  on  which  hie 
■fiUm  of  the  worid  it  bated.  He  wae  eaooeeded  by  Dr.  Halley,  an  aatronomer  to 
whom  w«  ne  indebted  lor  many  neefiil  inveetigatione,  but  whoee  prorinoe  did  not  eo 
mnoh  lia  in  pcaotieal  aetronomy  ae  hie  predoceeaor.  Thie  dietingniahed  man  hae  the 
merit  of  adding  eonaiderably  to  our  knowledge  of  oomctary  aetronomy  and  the  lunar 
theory.  But  one  of  hie  greateat  trinmpha,  which  will  alwaya  render  hie  name  illuatKiouay 
la  hie  propoaition  of  detennining  the  •un'a  diatanoe  by  the  tranaita  of  Venue  oyer 
itadiae. 

Br.  Bradley,  the  next  in  aneoeaaion,  enriched  this  adenoe  by  two  important  diaoo- 
veriea — -Tia.,  the  aberration  of  light  and  more  exact  knowledge  of  the  nutation  of 
the  earth'a  axia.  Distinguished  as  the  most  accurate  astronomer  of  his  age,  he  re- 
obaezred,  with  better  instruments,  all  the  stars  of  Flamsteed,  as  well  as  the  sun, 
moon,  and  planets,  the  former  of  which  have  been  incorporated  in  the  Fundanienta 
AOrmtomim  of  BeaaeL  His  obaerTationa  of  the  moMi  and  planeta  are  included  in  the 
Qreenwioh  planetary  and  lunar  reductiona. 

The  aame  important  class  of  observations  was  continued  by  Dr.  Maakelyne,  from 
IVM  to  1811,  aztending  over  an  interval  of  forty-six  years.  In  addition  to  other 
important  work%  tUa  aatronomer  haa  the  credit  of  eatabliahing  the  JfrnmHcal  Almmm§ 
lor  the  nae  of  maiinera,  and  of  introducing  in  that  work  tabular  elementa  for  the  im- 
praved  method  of  finding  the  longitude  at  aea. 

On  the  aame  regular  ayatem  have  been  carried  on,  at  the  Boyal  Obeervatcry,  obeer- 
vationa  of  the  aun,  moon,  and  planeta,  under  the  superintendenoe  auooeaaively  of  Mr. 
Ptaid  and  ProliMaar  Aitj,  If  it  were  neceaaary  to  diacuas  the  importanee  of  the  imme- 
diate oompariaon  of  theory  and  obaer?ation,  it  would  be  merely  neoeasary  to  mention 
Aat  the  diaoovery  of  the  planet  Neptune  haa  thua  resulted — a  diaoovery  which,  in  the 
(pinion  of  all  ooo^tent  jndgea,  deaerrea  to  be  ranked  among  the  moat  brilliant  tri- 
mnpha  of  the  human  mind. 

Im  the  fieild  of  teleaoopie  reaearch,  the  labours  of  Sir  W.  Herachel  deeerve  particular 
mention.  Hia  diaoovery  of  the  planet  Uranua  and  its  satellites,  as  #ell  as  his  inveeti- 
gation  on  Saturn's  rings — ^his  theory  of  the  motion  of  the  solar  system  in  apace  and  its 
dizeotimi,  whioh  have  been  verified  recently  by  several  independent  reaearchea,  are 
sufficient  monuments  of  his  skill  and  industry. 

In  Franoe,  the  cultivation  of  practical  astronomy  in  the  eighteenth  century  was 
well  Boatained  by  the  oelebrated  astronomers  Lalande  and  La  Gaille,  the  latter 
having  obaerved  ^  stars  of  the  southern  hemisphere  about  the  epoch  1750,  the  publi- 
Oftion  and  reduotica  of  whioh  have  since  been  undertaken  by  the  British  Asaociation. 
He  ia  alao  known  as  having  determined  the  oonatant  of  lunar  parallax  by  correspond- 
iag  meridional  observations  at  the  Cape  of  Good  Hope  and  at  European  stations. 
Beaidea  iheae  important  undertakings,  he  was  an  energetic  calculator  of  ophemerides, 
and  other  useful  investigations  on  refraction,  figure  of  the  earth,  &c. 

Lalande  is  known  aa  an  industrious  and  indefatigable  observer.  His  immense  cata- 
logue of  stars  bear  sufficient  evidence  to  his  unremitting  industry  for  many  years.  The 
oradogue  of  stars  formed  from  his  observations  have  been  published  and  reduced  by  the 
Bdtiah  Asaociation. 

I  In  Sicily,  the  laboura  of  Piazzi  have  been  principally  occupied  in  an  extensive  cata< 
kgne  of  atava,  the  epoch  of  which  ia  the  beginning  of  the  present  eeii\.\ur^,  ^j^A-^^iOtiV^ 
now  one  of  tha  atandazid  wodu  of  the  day,    Hia  v  zeal  was  rewaxdad.  ^>^  ^^«  ^^a^^crj 
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Ceres  among  the  asteroids,  in  1801.  The  discoveries  of  these  bodies,  during  the  last  ten 
years,  are  too  numerous  to  be  mentioned  here. 

The  progressive  improTements  of  instruments  during  the  last  century  haye  been 
rewarded  by  increased  accuracy  of  results.  At  Greenwich,  the  mural  arc  of  Flamsteed 
is  now  replaced  by  the  magnificent  transit  circle ;  and  the  aid  of  galvanism  has  been 
brought  to  bear  on  an  essential  and  delicate  element  of  time— viz.,  that  of  right  ascen- 
sions. All  these  circumstances  produce  a  corresponding  improvement  in  theory.  Suc- 
cessive comparisons  of  theory  and  observation  engage  the  attention  of  our  analysts,  and 
to  this  we  are  in  a  great  measure  indebted  for  the  important  discoveries  of  the  various 
inequalities,  which  have  enriched  the  science  of  astronomy. 
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ASTRONOMICAL  DEFINITIONS. 

Having  thus  shown  how  the  investigating  disposition  of  man  has  been  occupied  in 
its  endeavour  to  obtain  a  more  correct  anck  perfect  knowledge  of  the  universe,  we 
proceed  to  explain  the  laws  which  have  been  established. 

Astronomy  is  usually  divided  into  three  parts  : — 1.  Sphebical  Ast&okomt,  which 
teaches  the  knowledge  of  the  various  points  and  circles  of  the  celestial  sphere,  the 
constellations,  the  position  of  the  staiB  with  respect  to  these  points  and  circles,  and 
the  phenomena  occurring  in  the  sphere  of  the  heavens.  2.  Theo&btical  Astbonomt, 
which  enables  us  to  determine,  from  observation,  the  path  of  the  heavenly  bodies. 
3.  Physical  Astbonomt,  which  gives  the  laws  by  which  the  heavenly  bodies  are 
regulated,  teaches  how  their  motions  are  to  be  calculated  according  to  the  rules  of 
mechanics,  and  combines  all  that  is  known  of  their  physical  characters.  Without  the 
formality  of  so  dividing  our  subject,  which  our  space  does  not  permit,  we  shsli 
endeavour  to  combine  all  the  useful  and  practical  portions  of  the  subject. 

In  order  to  facilitate  the  study  of  the  heavens,  artificial  representations  have  been 
made,  similar  to  those  of  the  suif  ace  of  the  earth ;  or  celestial  globes,  on  which  the 
stars  are  depicted  in  their  natural  positions,  the  observer  being  supposed  to  be  in  the 
centre,  viewing  them  in  the  concave  surface. 

To  represent  the  apparent  diurnal  motion  of  the  heavenly  bodies,  the  celestial 
globe  must  be  turned  from  east  to  west. 

Clvdes. — To  designate  with  precision  the  situation  of  the  sun,  moon,  and  stars, 
imaginary  circles  have  been  considered  as  drawn  in  the  heavens,  most  of  which  coi- 
respond  to,  and  are  in  the  same  plane  with,  sipiilar  circles  supposed  to  be  drawn  for 
similar  purposes  on  the  surface  of  the  earth.  If  a  line  be  drawn  on  the  sphere  (Fig. 
1)  of  the  earth  P  Q,  the  plane  cuts  the  surface  of  the  sphere,  and  forms  a  great 
circle  E  F,  which  is  the  celestial  equator,  the  sphere  being  divided  in  this  circle  into 
two  hemispheres,  in  which  one  of  the  poles  forms  a  central  position ;  these  form  the 
northern  and  southern  hemispheres. 

A  plane  is  that  which  has  surface,  but  not  thickness.  The  plane  of  a  cirde  is  that 
imaginary  surface  which  the  circle  bounds. 

The  axis  of  the  earth,  P  Q,  is  an  imaginary  line  passing  through  its  centre,  north 
and  south,  about  which  its  diurnal  revolution  is  performed ;  the  poles  of  the  earth  are 
the  two  extremities  of  the  axis,  where  it  is  supposed  to  cut  the  surface.  The  axis  of 
the  hearens  is  the  earth's  axis  produced  both  ways  to  the  concave  of  the  sky ;  tbt 
poles  of  the  heavens  are  two  imaginary  points  ex^cd^  vbove  the  terrestrial  polei. 
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Great  clrelea  are  thoao  i^hieti  divide  the  globe  into  two  ei^uol  p^ta,  aa  the  cquntor^ 
the  ecliptic,  find  the  eoluret*  H  K,  B  S,  and  T  T  (Fig.  1]  are  imall  drdei  irbieh 
diTide  tho  gkhe  into  two  uneq^ud  parta,  im  tho 
tropicHf  polar  circlet,  and  parallflla  of  latitude. 

BTcrj  circle  is  mipposed  to  ha  divided  into  360 
equal  part»  or  degrees*  A  degree  i»  further  aubdi- 
Tided  into  60  equal  parts  or  miitotei ;  and  a  minute 
into  €0  Bcconds.  Df^gree«  ate  marked  %  minutea  % 
seeonds  *»  The  iptee  included  by  a  degrt'O  o(  a  grf'at 
cinJo  in  the  hetTeni^  is  equal  to  nearly  twice  tho 
apparent  diameter  of  the  tnn.  and  niooT],  when  con- 
siderably above  tha  horizon. 

The  equator  of  the  earth,  E  E  (Fig.  1),  la  an 
Imagiiiary  great  circle  passing  round  the  glohe^  eaat 
and  wept,  e^'erywbere  equit^istant  &oro  the  poles, 
dlvidmg  it  into  jiorth^m  and  fiDuthem  hemispherea.  The  ^uator  of  the  heavens,  or 
tliG  cqiiinoetial,  U  the  plane  of  the  terreatfiol  equator  extended  to  the  coneava  surface 
of  the  heayens,  and  called  the  equinoctial^  because,  when  the  sun  appears  in  it,  tho 
dtjfl  and  nighta  are  equal  all  over  the  world, 

!  T]i«  SiiUptie  ia  the  via  salisj  or  Bun*9  path,  the  great  circle  whicli  he  appears 
iutnuallj  to  deecriba  among  the  fijced  stare  ;  though,  more  proper  I j.  It  i^  the  track  which 
the  earth  actually  descrlbea  among  the  atara,  aa^vi^^wed  from  the  s^n.  The  ecliptic  is  eo 
called,  becftute  aolar  and  lunar  eclipses  only  can  happen  when  the  moon  is  in  or  very 
near  this  circle.  It  cuts  tho  equinoctial  obliquely  at  two  opposite  points^  making  an 
angle  vith  it  of  SSI",  which  ia  called  the  obliquity  of  the  ecliptic.  One  half  lies  on 
the  north  aide  of  tho  equinoctial ;  the  other  half  on  the  oouth  aide.  The  points  of 
miffing  are  the  equmoetial  points.  A  £one  or  girdle  extending  8°  on  each  side  of  the 
etdiptic,  or  16"  in  breadth,  is  the  zodiac,  in  which  are  the  orhita  of  aU  the  planets,  with 
the  exception  of  three  of  the  asteroids^  The  ecliptic  and  Kodiac  are  divided  into  twelve 
equal  parts,  called  signs,  each  containing  30^  Their  namca,  with  the  days  on  which 
tbft  son  enters  themi  arc  as  follows  :— * 

Northern  aignSf  being  north  of  the  equinoctial. 


Spring  ^1^.] 
Aries,  the  Rantj  March  21 . 
Tflurtia,  the  Bull,  April  19. 
Gemini,  the  Twins,  May  20. 


Cancer,  the  Crab,  June  2. 
Leo,  the  Lion,  July  2. 
Virgo,  the  Virgin,  August  22, 


Southern  signs,  heing  south  of  the  equinoetiaL 


Autumnal  Signt. 
libra^  ths  Baknee,  Sept  23, 
Seorpb,  the  Scorpion,  Oct  23. 
SagittariuB,  the  Archer,  Kov.  22. 


Winter  Sigm. 
CapricornuB,  the  Goat,  Dec.  2L 
Aquarius,  the  Water-bearer,  Jan.  20* 
Pisces,  the  Fishea,  FeK  19. 


Vhe  Colnrea  are  two  great  circles  passing  through  the  polea  of  the  heavens, 
dividing  the  ecliptic  into  four  equal  parts,  and  marking  the  seasons  of  the  year* 

One  paasea  through  the  equinoctial  points^,  Aries  and  Libra,  and  ia  therefore  called 
the  equinoctial  oolin-e.    When  the  sun  is  in  either  of  these  points,  the  days  and  nig^ta 
on  every  part  of  the  glohe  are  equal  to  each  other.    The  ol\ieT  ^a&ttiift  ^t^u^  S^^ 
solstitial  pointSj  Cancer  Mud  Capricora^  which  mark  the  aun*a  grtfA^t4eGYm^^\'OTv,'ti5srtsi. 
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and  south  of  the  equator,  and  is  thence  called  the  solstitial  colure.  When  the  aun  is  in 
or  near  these  points,  his  meridian  altitude  undergoes  scarcely  any  senaiUe  variation  for 
several  days ;  and  hence  the  term  solstitial  applied  to  them. 

The  Boxizon  is  a  great  circle,  whose  plane  passing  through  the  centre  of  the  earth, 
and  extended  to  the  sphere  of  the  fixed  stars,  divides  the  heavens  into  two  hemispheres, 
of  which  the  upper  is  the  visihle,  and  the  lower  the  invisible  hemisphere.  This  it  tlie 
rational  or  true  horizon,  which  determines  the  rising  and  setting  of  the  sun,  planetd,  md 
stars.  It  is  represented  by  the  wooden  horizon  of  the  artificial  globe.  The  sensible  er 
apparent  horizon  is  the  circle  which  bounds  our  view,  where  the  land  or  water  and  sky 
seem  to  touch  each  other,  more  or  less  extensive  according  to  the  position  of  an  observet. 

The  sensible  horizon  of  a  person  changes  as  he  moves,  and  in  an  open  country  enlargaa 
or  contracts  as  his  station  is  high  or  low.  Standing  on  a  plain,  the  eye  having  an  eleva- 
tion of  5  feet  above  the  surface,  the  radius  of  the  sensible  horizon  will  be  leas  than  2) 
miles.    At  an  elevation  of  6  feet  it  wiU  be  just  3  miles. 

Eule,  to  find  the  distance  when  the  height  is  known — Increase  the  height  in  feet  one 
half,  and  extract  the  square  root  for  the  distance  in  miles. 

Thus,  in  the  preceding  case  the  eye  is  supposed  to  have  an  elevation  of  6  fiset  above 
the  surfjEice  of  a  plain,  and  6  with  its  half  is  9,  the  square  root  of  which  is  3,  whieh  givis 
the  distance  in  miles  which  a  person  will  be  able  to  see  in  a  right  line  upon  that  aurlMe* 

Again—a  tower,  32  yards  above  the  level  of  the  ocean,  may  be  seen  akmg  that  level 
from  a  distance  of  12  miles.  For  32  yards  =  96  feet,  increased  one  half  =:  144,  the 
square  root  of  which  is  12. 

The  poles  of  the  horizon  are  the  zenith  and  the  nadir.  The  zienith  is  the  pobit 
in  the  heavens  which  is  directly  over  our  heads ;  the  nadir  that  which  is  eauetly 
under  our  feet.  The  zenith  to  us  is  the  nadir  to  our  antipodes,  and  the  nadir 
to  us  is  their  zenith.  Circles  drawn  through  the  zenith  and  nadir  of  any  pkee, 
cutting  the  honzon.  at  right  angles,  are  called  azimuth  or  vertical  circles ;  and  that 
which  passes  through  the  east  and  west  points  of  the  horizon,  is  the  prime  vertieaL 

Bieiidliajui  are  imaginary  great  circles  passing  through  the  terrestrial  and  oekstial 
poles,  cutting  the  equator  and  equinoctial  at  right  angles.  _ 

A  meridian  is  supposed  to  pass  through  every  place  on  the  earth,  and  ev^ry  point 
in  the  heavens,  but  only  24  are  drawn  on  the  globes  through  every  15°  of  the  equator 
and  equinoctial,  including  altogether  360°.  These  meridians  mark  the  space  which, 
in  consequence  of  the  earth's  diurnal  rotation,  the  heavenly  bodies  appear  to  describe 
every  hour  through  the  24  in  the  day.  They  are  sometimes  called,  therefore,  hour 
or  horary  circles.  As  15°  answer  to  an  hour,  1°  answers  to  four  minutes  of  time|  i  to 
two  minutes,  and  5  to  one  minute. 

Longititde  on  the  earth  is  distance  cast  or  west  from  a  fixed  meridian  measured  on 
the  equator.  The  Fortunate  Islands,  supposed  to  be  the  Canaries,  supplied  the 
ancients  with  their  first  meridian.  The  western  extremity  of  Africa,  as  then  knows, 
was  taken  by  Abulfeda,  the  Arabian  geographer.  The  meridian  of  Tercelra  was  used 
by  the  Spanish  and  Portuguese  in  the  sixteenth  century ;  and  that  of  Ferro  by  all 
nations  in  the  seventeenth  and  eighteenth  centuries.  "We  now  adopt  tile  weiidiin  of 
the  Greenwich,  and  the  French  that  of  the  Paris,  observatories. 

Longitude  in  the  heavens  is  distance  east  from  the  great  meridian  which  passes 
;   throngh  the  finrt  point  of  Aries,  or  the  equinoctial  colure,  measured  on  the  eeliptie. 
/        Rigiit   tuseeomon  ia  distance    east    from  the  same  meridian  measured  00  tbe 
^  eqaJBocii^, 
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TetTwtrial  longitude  being  reckoned  in  two  direction!  from  a  fixed  point,  east  and 
west,  can  onlj  extend  to  180°.  Celestial  longitude,  and  right  ascension,  are  only 
reckoned  in  one  direction,  cast  from  the  prime  meridian,  and  maj,  therefore,  extend 
to86a». 

TtamXMM  of  &atltud«  are  small  circles  supposed  to  be  drawn  on  the  snrfkce  of 
the  earth,  north  and  south  of  the  equator,  and  parallel  to  it,  dinding  the  globe  into  two 
unequal  parts.  Let  us  suppose  A  (Fig.  2)  to  be  placed  under  oonsideration,  and  P, 
E,  Q,  IT  its  meridian,  £  F  the  line  intersecting 
the  equator,  and  P  Q  the  line  of  the  poles,  it  is 
here  the  arc  A  E,  or,  which  is  the  same  thing, 
the  angle  A,  0,  E,  which  represents  the  latitude 
sought.  P,  0,  E  being  a  right  angle,  the  lati- 
tude is  the  complement  of  the  angle  A,  0,  P ; 
but  the  angle  A,  0,  P,  is  only  another  thing  for 
the  senith  distance  Z,  A,  P,  of  the  pole  of  the 
celestial  sphere.  For  to  an  obsenrer  placed 
at  A,  P  Q  is  a  parallel  to  the  earth's  axis ; 
the  latitude  of  the  point  A  then  is  the  com- 
plement of  the  zenith  distance  frtmi  the  pole  at 
that  point,  to  the  height  P',  A,  H  of  the  pole 
above.the  horiaon,  A  H  being  equal  to  the  distance 
Z,  A,  P.  We  can,  therefore,  say  that  the  latitude 
of  a  plaee  is  equal  to  the  height  of  the  pole  aboye 
the  horizon  of  that  place.  Parallels  of  declination 
are  such  circles  produced  in  the  heayens,  north 
and  south  of  the  equinoctial,  and  parallel  to  it. 

Latitude  on  the  earth  is  the  distance  of  a  place  from  the  equator,  measured  on  a 
meridian,  north  or  south. 

'   l>ecHnattoi  is  the  distanoe  of  the  heavenly  bodies  from  the  equinoctial,  measured 
oh  a  mmdi«n,  north  or  south. 
.    Latitude  in  the  heayens  is  distance  from  the  ecliptic,  at  a  right  angle,  north  or  south. 

Tenestrial  latitude  and  declination  may  extend  to  90^.  The  sun  has  no  declination 
▼hen  in  the  equinoctiaL  His  greatest  declination  is  23}''  north  or  south.  He  has  no 
latitude^  being  always  in  the  ediptic  The  greatest  declination  of  a  planet  is  30}°,  and 
latitude  8**  north  or  south,  with  the  exception  of  the  asteroids.  It  is  more  couyenient 
to  deaoribe  the  petition  of  the  heayenly  bodies  by  their  declination  and  right  ascension, 
than  by  their  latitude  and  longitude,  the  former  corresponding  to  terrestrial  latitude 
and  longitode. 

TIm  TwQf§i»  of  QmaomM  is  a  small  circle  23}*"  north  of  the  equator,  and  parallel 
to  it ;  and  the  tropic  of  Capricorn  is  a  similar  circle,  at  the  same  distance,  on  the  south. 
The  polar  cxrdea  are  also  small  circles,  each  66}°  from  the  equator,  and  at  the  same  dis- 
tance from  the  poles  as  the  tropics  from  the  equator. 

The  tropics  on  th)e  celestial  sphere  mark  the  limits  of  the  sun's  farthest  declination 
north  and  south. 

The  tropics  on  the  terrestrial  sphere  divide  the  torrid  from  the  two  temperate  zones, 
and  the  polar  circles  divide  the  temperate  from  the  two  frigid  zones. 
I       XoMs; — Twice  in  the  year  the  sun  is  vertical  to  those  wlio  dwetLVn  ^Cb!i\iam'^T'^'afe 
I  Consequently,  at  noon  tbey  defect  no  shadow,  and  are  lience  styVe^  asd\,  Taftwsasy^^aa*- 


Fig.  3. 
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dowleia*  At  oih^T  timeB  tbeir  sbadowa  fall  a.t  noon^  north  or  eoulli,  iiocordmg  as  tbe 
aun  is  north  or  aoatk  of  them*  Thej  ara  then  called  amphiadt,  Btgnifyio^  that 
their  shadowe  fall  both  waji. 

The  Yflriation  m  the  tcmperaturo  has  led  to  th^  divigioa  of  the  earth  into 
^Dticja-  botwifen  the  latitude  66'  32"  Dorth  and  Houth,  The  Hun  rkes  and  sets  eTery 
day.  In.  all  higher  latitudes,  however,  there  are  certain  periodfl  of  the  jear  when 
the  &Mn.  ne^er  rise^^  and.  othexa  where  it  nev^r  9 els.  The  two  parallela  of  latitude 
A  A  J  B  B'  (Fig,  3),  which  correspond  to  the  latitude  66'  32",  divide  the  aurface  of 
p  ,  the  oorth  in  three  parts.     The  two  aonea  at 

A  P  A\  B  Q  B'  are  called  the  frozen  zones.  The 
clrclei  A  A'y  B  B'  are  the  polar  circlee,  or  arotie 
pole,  while  the  otb^r  i^  tho  antaretLe  circle ;  in 
the  points  between  these  two  ore  tho  BeTerd 
^oiies,  in  which  the  ana  seta  and  riaea  daily. 

Those  who  dwell  In  the  temperate  e^ones  have 
their  ehadowa  at  noon  always  cast  towards  the 
north  ia  the  north  temperate  zone,  ajid  towards 
Ih*?  south  in  the  aouth  temperate  zone.  They 
arc  styknl  hiterosciiy  meaning,  that  they  tave 
their  ehadowa  at  noon,  either  north  or  aoutb. 

The  inhabitants  of  the    frigid  zones  are 
trailed   perwt'iV,   signifying,   a  shadow  turning 
about^  as,  during  a  reToIution  of  the  earth  oa 
its  axiSj  their  atadowa  are  projected  towards  every  point  of  the  compass. 

The  Disc  of  a  planot  is  its  apparent  face,  acemiagly  perfL^ctly  Sat  though  apherieal 
bodies.      The    planets    exhibit  ^  ^ 

discs  aa  seen  with  the  telescope*  *  J^*I  *•»*_  *--n*€^iJLi_Al..*^_»  *****!».♦ 

The  diameter  of  the  diao  of  the 
sun  and  moon  is  coaaidered  to  be 
divided  into  twelve  parts,  calbd 
digits. 

The  Qihit  of  a  pLaaot  is  the 
path  described  by  it  in  revolution 
round  the  sun, 

TKe  PI&IL9  of  a  planet's 
orbit  is  an  imaginary  surface 
cutting  through  the  centre  of 
the  sun  and  the  planet,  and 
reaching  out  to  the  stars. 

Figure  4  shows  the  plane 
of  the  earth's  orbit.  The  stars 
to  which  it  extends  form  the 
oonatellationsof  theaodiae.  The 
circle  A,  B,  C,  D,  is  the  ecliptic^ 
the  sun's  place  in  the  heavens, 
OS  seen  from  the  earthy  and  the  earth's  place  ae  seen  from  the  sun, 

3!&o  TnclinmUon  of  the  orbit  of  a  planet  is  its  plane  referred  to  the  plane  of  tbt 
e»TtIi*s  orbit,  to  whiGh  it  is  inoHned. 
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If  we  rappoae  the  Bhaded  part  of  the  diagram  to  be  a  surface  of  water,  a  ring  or 
hoop  held  incUned  to  as  to  be  half  immersed  will  describe  the  relation  of  the  planetary 
orbits  to  that  of  the  earth.  Thej  are  all  inclined  towards  it,  one  half  being  below  and 
the  other  half  above  it.  The  angle  of  inclination  yaries,  but  exhibits  at  the  greatest 
onlj  a  slight  divergence. 


Merouiy 

.    .    r    C    9" 

Jupiter  .     . 

.     .     1'  18'  51" 

Yenus   .    . 

.    3    23   28 

Saturn  .     . 

.     .    2    29   35 

Man     .    .    . 

.    1    51      6 

Uranus  .     . 

.     .    0    46   28 

The  ]lod«t  of  a  planet  are  the  two  opposite  points  where  its  orbit  appears  to  out 
the  orbit  of  the  earth,  or  the  ecliptic.  Where  the  planet  appears  to  rise  above  the  orbit 
of  the  earth  it  is  ealled  the  ascending  node ;  the  opposite  point,  where  it  appears  to  go 
below  it,  is  called  the  descending  node. 

Oonjunction  ftnd  Opposition  are  terms  used  to  denote  certain  situations  of  the 
planets  with  respect  to  the  sun  and  to  each  other. 

A  planet  directly  between  the  earth  and  the  sun  is  said  to  be  in  inferior  conjunction 
with  the  sun.  This  can  only  take  place  in  the  case  of  Mercury  and  Venus,  but  along 
with  them  the  earth  may  be  in  inferior  conjunction  with  the  sun  to  Mars,  and  with 
Mars  to  Jupiter,  &o. 

A  planet  with  the  sun  directly  between  it  and  the  earth  is  said  to  be  in  superior 
conjunction  with  the  sun.  The  terms  inferior  and  superior  refer  to  the  smaller  or 
greater  distance  of  the  planet  from  the  earth. 

A  planet  with  the  earth  directly  between  it  and  the  sun  is  said  to  be  in  opposition. 
This  can  never  take  place  in  the 
case   of   Mercury    and  Venus, 
whose  orbits  are  included  in  that 
of  the  earth. 

Planets  are  said  to  be  in  con- 
junotion  with  each  other  when 
they  are  in  the  same  sign  and 
degree.  This  is  a  common  oo- 
cunenee  in  the  case  of  two; 
but  the  Tery  rare  phenomenon  of 
Merouzjy  Yenas,  Mars,  Jupiter, 
and  Saturn,  being  in  conjunc- 
tion between  the  wheat  ear  of 
Yiifo  and  libra,  took  place  Sep- 
tembar  16, 1186.  It  will  be  ages 
be&re  they  duster  again  in  that 
part  of  the  heavens.  Venus, 
Jupiter,  and  the  moon,  were  in 
conjunetion  in  Leo  when  the 
peace  of  1801  was  proclaimed. 
A  teleaoope  view  of  the  conjunction  of  Venus  and  Saturn,  on  Dec.  19, 1845,  is  annexed. 

The  aspect  of  the  planets^to  each  other  is  said  to  be  sextile,  when  they  are  two  signs 
apart,  the  sixth  part  of  the  zodiac ;  quartile,  when  they  are  three  signs  distant,  the 
fourth  part  of  the  zodiac ;   trine,  when  they  are  four  signs  distant,  the  thixd^  q1>^<% 
zodiac;  and  in  opposition,  when  they  are  six  signs,  or  \ia\t  t\i^  lo^LVwi,  tcOTi  ^^Osv 
other. 
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Apogee  is  that  point  of  the  moon  or  a  planefs  orbit  wliich  is  hjjhrmt  from  the 
earth. 

Perigee  is  that  which  is  nearest 

Aphelion  is  that  point  of  the  orbit  of  the  earth,  or  of  any  planet  and  oomet,  whieh 
is  fiulhest  from  the  sun. 

Pezihelion  is  that  which  is  nearest.  A  straight  line  joining  the  points  of  apihelian 
and  perihelion,  is  called  the  line  of  the  apsides. 

Cnlmination  is  the  act  of  coming  to  the  meridian  in  the  case  of  anj  star  or 
planet,  when  it  attains  on  any  given  day  its  greatest  alUtade  in  the  heaTBiia. 

Saily  Acceleiatien  is  the  interval  of  time  that  the  stars  rise,  cnlminste,  and 
set,  so(mer  every  succeeding  day  than  on  the  one  preceding.  It  amonnta  to  about  four 
minutes  daily,  or  two  hours  a  month. 

&otatioii« — Besides  the  apparent  diurnal  motion  of  the  stars  oanaed  by  the  earth's 
rotation  upon  its  axis,  they  appear  to  have  a  motion  westward,  in  eonseqiienee  of  the 
earth's  orbital  course  eastward.  They  gain,  therefore,  on  the  sun,  rising,  culrainalmg, 
and  setting  sooner,  day  after  day.  Thus  those  stars  and  constellations  that  on  any 
given  evening  rise  at  tooi  o*elod[,  will,  at  the  same  hoar,  a  month  afterwards,  be  30" 
above  the  horizon ;  and  three  months  afterwards,  they  will  be  advanced  orer  oor  heads ; 
and  six  months  afterwards  be  setting  in  the  west,  having  accompliBhed  half  of  their 
apparent  annual  revohitum. 

Hence  the  same  constellations  are  not  always  visible  to  usthrongh  the  yen.  Some, 
not  visible  before,  successively  rise  to  view  in  the  east,  while  others  sink  in  tlie  west 
and  are  not  seen  again,  until,  having  passed  through  the  lower  hemisphexe^  they 
jssppssr  in  the  eeit 

Bisfaig  n»A  ffitW^C — Ckwmiealy  Sfifciwiissl,  and  heliacal  rising  and  setting  of 
tte  ftes  and  planeta,  are  phrases  of  the  «U  poets,  who  spoke  of  the  phenomena  in 
isftwnce  to  the  zking  and  setting  of  tiie  aan.  A  star  or  planet  rising  and  aetting 
witf:  the  son  was  aaid  to  iiae  and  set  coemieslfy.  A  star  or  planet  rising  at  sunset, 
or  aetting  at  smizae,  was  said  to  rise  and  set  adnonically.  A  star  or  planet  appearing 
alitUebefivette  siai»  in  the  mondn^  alter  having  been  so  near  him  as  to  be  hid  by 
his  effulgence,  was  aaid  to  iiae  hriiacally,  and  to  set  heliacally  when  it  eeeaed  to 
he  viaMe  after  him  in  the  efening^  on  account  of  its  proximity  to  his  orik 

Appnwt  lehnr  B»y  is  tiie  time  inefaided  between  the  centre  of  tibe  son  leaving 
the  meridian  of  any  place  to  its  retmn  to  the  same  meridian  again. 

It  Taries  eontimiallj  in  leaga^  owing  to  the  unequal  motion  of  the  eertli  in  its 
01^  and  ike  oUiqaitj  of  the  ee^p€ie»  being  sometimes  more  and  aoinetiniea  leas 
thsEQ  twenty4biir  honn.  TW  greatest  Tanetion  occurs  about  Nov.  1,  when  the 
sobr  day  is  W  17*  less  ftsn  tventj-lbvr  lours,  as  shown  by  a  wdl-regulaled 
cb^ 

HsMS  Selns  Binj  is  tiie  tfane  wUsk  wsnkl  dapse  between  consecutive  letnnis  of 
the  snn  to  the  nwriiian  of  snj  plsos^  If  seifingin  the  plane  of  tiie  equator  with  an 
equable  motion.  It  is  the  mean  of  the  true  solar  days  throo^iovt  Ae  year,  sad 
consists  €i  twcnty*ibur  hours  as  measured  by  a  time-piece,  which,  on  some  di^  of 
the  year,  is  as  much  &Bter  than  the  sun-dial,  as  on  other  days  the  sun-dial  is  ftster 
than  the  time-piece. 

Sideieal  Hay  is  the  time  which  elapses  between  consecutive  retonw  of  anv  ^lei 

stMTS  to  the  same  meridian,  or,  in  other  words,  the  period  whieh  the  earth  takes  to 

Mccamplish  one  rotation  on  its  axis.     This  -^riod  is  unvarying  and  immutable — 
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23  hours,  56  minutes,  4  seconds — which  would  always  be  the  length  of  the  solar  day, 
if  the  earth  stood  still  in  space,  and  only  turned  upon  its  axis. 

In  comparison  with  the  immense  distance  of  the  stars,  the  diameter  of  the  earth's 
orbit  is  but  a  point;  and,  consequently,  in  relation  to  them  the  diurnal  rotation  is  per- 
formed precisely  the  lame  aa  if  our  globe  had  no  translation  in  space.  This  is  net  the 
case  in  relation  to  fbt  sud,  a  nearer  neighbour ;  and  owing  to  the  earth's  change  of 
place,  aomewhat  more  than  one  dinmal  revolution,  or  twenty-four  hours,  is  required  to 
brinf  the  nin  rovnd  iftia  to  the  same  meridian. 

Afltioiiaaaleal  Sny  ii  reckoned  from  noon  to  noon ;  and,  consisting  of  the  same 
length  of  twenty-four  hours  in  all  latitudes,  ia  called  a  natural  day. 

AiHUrtal  Bay  »  the  time  between  sunrise  and  sunset,  and  yiries  with  the 
hitftnde  of  places. 

Solttr  01  Tvopiosl  T«ur  is  the  time  which  the  earth  takes  in  moTing  in  its 
(Mkf  or  apparently  the  sun  in  the  eeliptie,  irom  one  equinox  or  tropic  to  ^  tame 
sgdn*  eoMsting  of  865  diji,  6  hoon,  48  minutea,  49  seeondt. 

•MmmmI  Tms  b  the  time  ooeupied  by  the  earth  in  moring  in  its  orfaili  or 
appawatiy  th«  fim  in  the  eellptle,  from  a  determinate  point  in  relatloii  to  any  fixed 
star  to  tlM  eeme  pofait  •gtiBf  and  consists  of  866  days,  6  hours,  9  mbntes,  12  seconds. 
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ON  THE  EAETH. 

The  eartb,  Tvhieli  to  the  eye  of  ita  inlmliitanta  appears  an  imMenae  plane,  stretcliiB|: 
out  to  aa  iudefitiite  ^xtoni  m  all  directions^  h^  by  a  variciy  of  drcumstanc&B  appealuijr 
to  our  reason  and  our  ^ens^a,  fib  own  to  be  of  a  epbcrical  form. 

On  the  Flguxe  of  the  Eartli.— The  notions  of  the  ancienti  on  tlie  figure  of  tbe 
earth  were  very  uncertain  aud  vague*  Xenophanee,  who  lived  500  or  600  years  befora 
the  Christian  era,  supposed  Ibe  earth  tu  be  a  plane  of  indefinite  extentj  whose  foundi- 
tiona  were  infinite  io  depth.  There  appears  to  have  buou  a  great  repugnance  to  adasit 
that  a  planet  could  remain  ausptjnded  m  the  atr  as  th«  earth  isj  but  aa  aoience  progresaed, 
and  the  art  of  obaorvatiou  beeatnc  morcj  certain,  the  ancient  astronomejn  bceamo  well 
acquainted  with  its  spherical  fignro.  The  shadow  of  tbe  earth,  projected  by  the  moon 
in  an  colipso  of  that  body,  fjlearly  demonstrated  its  apheritiftl  foTm  ;  and,  on  the  other 
hand,  the  measurea  of  ita  circum  fere  nee,  which  the  Grecian  aud  Arabian  aatroaoniara 
have  recorded ^  indicate  clearly  that,  when  reduced  to  a  common  modulus,  their  agree- 
ment ia  suffieiciTitly  striking  to  show  that  they  possessed  some  knowledge  of  ita  dimen- 
sions. The  natural  pride  of  man,  however,  placed  it  in  the  centre  of  the  nniversej  and 
according  to  the  doctrines  of  the  Ionian  school,  the  solid  cryatalline  orb,  to  which  tbe 
stara  were  aupposod  to  be  attached,  revolved  around  it  in  the  apace  of  24  houra.  The 
celebrated  Aristotle,  whoso  pbilosopliy  reigned  for  many  centuries,  waa  of  thia  opinion, 
but  he  supposed  that  the  motions  of  the  sun,  moon,  and  planets  were  performed  with 
solid  heavens,  but  at  a  nearer  distance ;  and  to  exjilain  their  proper  motions,  he  con- 
aidered  that  a  preaiding  geniua  waa  placed  in  each  planet. 

The  nana]  arguments  brought  forward  in  favour  of  the  spherical  figure  of  the  earth, 
fl-n%   thitt  n&vigutoia  sail  around  it»  aettiTig  out  in  an  easterly,  and  returning  ia  a 
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wetterly  direction ;  but  a  happy  illuttrttion  is  given  in  the  appearance  of  a  yeisel  as  it 
approachea  the  shore,  or  in  leaving  a  harbour,  or  a  succession  of  steam-vessels  at  sea,  as 
shown  in  our  engraving.  In  the  first  case,  we  see  at  a  distance  the  upper  parts  of  the 
vessel,  and  gradually  the  lower  parts,  till  finally  the  hull ;  the  most  conspicuous  parts 
of  the  yessel,  in  other  circumstances,  appear  ftom  beneath  the  waters.  In  the  case  of 
leaving  a  har- 
bour, the  con- 
trary appeaance 
tskes  place. 

These  appear- 
uieea  arise  from 

the  eaiiT«zity  of  the  water  between  the  eye  and  the  object ;  for  if  the  surface  of  the 
na  w«re  a  dead  level,  the  largest  objects  would  be  visible  the  longest 

Other  arguments  are  adduced :— Upon  the  bosom  of  tho  ocean,  or  in  the  midst 
of  an  extensive  plain,  the  boundary  of  vision  is  a  well-defined  circle,  and  this 
eircalar  hoziaon  is  a  certain  indication  of  the  circular  figure  of  tho  body  to  which  it 

Navigators  proceeding  in  the  same  general  direction,  east  or  west,  have  arrived  at 
the  same  point  from  whence  they  have  started.  This  enterprise,  now  so  common,  was 
first  undertaken  by  Ferdinand  Magellan,  who  sailed  westerly  from  Seville,  in  Spain, 
August  10,  1519,  passed  the  extremity  of  the  South  American  continent,  entered  the 
Pacific,  reached  the  Philippine  islands,  where  he  was  killed  in  a  skirmish,  but  one  of 
his  ships  arrived  at  St  Lucar,  near  Seville,  September  7tb,  1522. 

Voyages  of  circumnavigation  demonstrate  the  convexity  of  the  earth,  east  or  west, 
or  that  its  form  must  be  either  globular  or  cylindrical.  Tho  convexity  of  the  surface^ 
north  and  south,  is  shown  by  the  gradual  declination  and  rise  of  the  north  and  south 
circumpolar  stars  as  the  equator  is  approached  and  receded  from,  which  proves  the 
figure  of  the  earth  not  to  be  that  of  a  cylinder  but  of  a  sphere. 

Though  spherical,  like  the  other  planets  whose  round  discs  are  defined  by  the 
telescope,  yet  the  earth  is  not  a  perfect  sphere,  whose  circumference  is  everywhere  at 
an  equal  distance  from  the  centre.  It  is  more  convex  within  the  tropics  than  towards 
the  poles,  the  equatorial  diameter  being  longer  than  the  polar ;  so  that  its  general  shape 
18  that  of  an  oblate  spheroid,  bulging  out  in  the  middle  and  flattened  at  the  two  oppo- 
nte  sides. 

This  proposition  of  Newton,  the  result  alone  of  theory,  has  been  amply  confirmed 
by  accurate  measurements  conducted  by  the  most  eminent  mathematicians  in  various 
places,  from  the  equator  to  the  polar  circle.  He  conceived  that  the  velocity  of  the 
earth's  daily  rotation  upon  its  axis  being  the  greatest  at  the  equator,  the  consequent 
greater  action  there  of  the  centrifugal  force  would  produce  a  bulging  out  of  the  surface  in 
the  equatorial  regions,  and  a  flattening  at  the  poles.  But  as  one  of  the  first  fundamental 
prmciples  of  astronomy  consists  in  an  accurate  determination  of  the  figure  and  dimensions 
of  the  earth,  we  shall  briefly  describe  the  methods  adopted  by  astronomers  for  this  pur- 
pose. The  problem  requires  that  all  our  operations  must  be  carried  on  at  the  surface,  as 
▼e  cannot  remove  ourselves  from  the  earth.  In  shifting  our  positions  on  the  surface,  we 
will  take  as  a  point  of  reference  the  successive  appearances  of  the  fixed  stars.  These  bodies 
are  so  immensely  distant,  that  at  all  positions  on  the  earth  the  rays  emitted  by  them 
fflty  be  considered  as  parallel.  If  we  shift  our  latitude  10*  more  soulhetVy ,  oVXict  ^V^qNa 
invisible  at  the  former  station  wiJJ  come  under  our  notice  neat  Vibe  «o\iW  "Viotvi^t^ 
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whilst  those  near  the  north  horizon  will  yaniah  from  our  yiew.    I£  the  difference  of  i 
distance  on  the  same  parallel  of  longitude  be  measured  to  produce  a  change  of  10°  in  j 
the  apparent  altitude  of  a  star,  we  shall  find,  roughly  speaking,  that  for  this  yariation  | 
there  ^will  be  a  corresponding  distance  on  the  ear th'ssurfaoe  of  nearly  696  miles.     And 
this  is  the  principle  on  which  the  first  recorded  attempt  of  one  of  the  aacienl  aatren<nnen 
was  founded. 

M  oden  astraBOOMn  prooeed  tm  the  nm%  priaoiplt  m  ft  moce  acenrate  maimer,  aid 
with  eyery  poasible  precaution  to  insure  a  correct  resfolL  Ib  England  the  first  mea^ 
smement  of  a  degree  was  that  by  Norwood,  in  1635^  irtio  knmA  its  length  at  the  mesa 
latitude  of  Iioodoa  ajad  Toik,  or  52^  45*,  eqoal  to  3ir,lM  S%lish  feet,  or  69  miles 
288  yards.  This  determination,  howeyer,  is  not  entitled  to  much  weight,  as  it  appean 
that  his  latitudes  were  obtained  by  the  solstitial  zenith  distances  of  the  sun  obseryed 
with  a  fiye-feet  sextant,  and  it  is  feared,  from  other  circumstances,  that  he  was  not 
sufficiently  careful  in  his  reductions  to  the  meridian.  Snell,  Picard.  and  Casaini  deter- 
mined the  length  of  a  degree  of  latitude  with  a  considerable  accordance.  It  does  not, 
howeyer,  appear  that  the  deyiation  of  the  earth  from  a  strictly  spherical  form  was 
noticed  till  1672,  when  Picard  found  that  the  pendulum  of  his  transit  clock,  whicli 
beat  seconds  at  Paris,  required  to  be  made  shorter  to  beat  seconds  at  the  station  at  the 
island  of  Cayenne  (Lat  ^°  N.).  This  deyiation  of  the  earth  fhHn  a  spherical  form  was 
that  which  Newton  and  Huygens  predicted,  from  the  theoretical  considerations  of  a 
reyolying  body,  would  be  the  case.  But  it  is  not  firom  theoretical  considerations  alone 
that  the  form  of  the  earth  is  adduced.  In  1735,  the  French  Academy  fitted  out  an 
expedition  for  the  purpose  of  determining  its  figure,  with  better  instruments  and  methods 
than  had  been  preyiously  in  use.  Their  proceedings  became  celebrated  for  the  addi- 
tions made  to  our  astronomical  knowledge.  One  of  the  stations  fixed  upon  was  neax 
the  equator  at  Peru,  under  the  direction  of  Bouguer ;  the  other  at  Lapland,  under 
the  superintendence  of  Maupertius,  Clairault,  and  other  celebrated  men.  All  the  mesp 
sures  taken  by  these  astronomers  denoted  a  decided  ellipticity,  but  still  the  obswyar 
tions  were  not'sufficiently  numerous  to  infer  its  amount.  At  the  Cape  of  Gk>od  Hope, 
in  latitude  33°  18'  south,  the  celebrated  La  Caille  measured  an  arc  of  the  meridian; 
and  in  North  America,  in  the  plains  of  Pennsylyania,  near  the  Alleghany  MouiUaios, 
Mason  and  Dixon  also  measured  a  degree  of  the  meridian  in  north  latitude  39°  12'. 

In  Italy  we  haye  two  measures  of  degrees — the  first  we  owe  to  Boscovid  and  Le 
Maire,  the  other  to  Beccaria. 

The  suryeys  undertaken  in  places  near  the  neighbourhood  of  mountains  are  yery 
often  affected  by  the  attractions  of  those  mountains.  Thus,  in  the  South  American 
suryeys  the  attraction  of  the  Chimborazo  Mountains  affected  the  deyiation  of  thfl 
plumb-line  by  a  quantity  equal  to  7^''.  In  latter  times,  in  a  suryey  undertaken  by 
Plana  and  Castini,  in  Italy,  the  plumb-line  was  affected  in  a  yery  perceptible  manner, 
so  much  so  that  the  resulting  yalue  of  1°  in  measure  was  674  toises  too  large,  &om  thfl 
known  ellipticity  of  the  earth  deduced  from  a  combination  of  obseryations  at  France 
and  Peru.  From  all  recorded  measures,  the  length  of  a  degree  was  greatest  at  the  pok^ 
and  diminished  gradually  at  the  equator.  If  we  lay  down  graphically  the  length  of  i 
degree  frcm  the  different  obseryations,  we  shall  &id  that  the  intersections  of  these 
radii  will  fbrm  a  curye,  which  will  differ  from  the  centre  of  the  sphere  in  the  foUowisf 
manner : — At  the  pole,  the  intersection  or  radius  will  touch  the  axis ;  it  will  afterwards 
recede  from  it,  the  oonyexity  being  ayerted  to  the  polar  axis ;.  till,  finally,  at  the  equator 
i^  will  be  peipendunilar  to  that  at  the  poles.  The  curye  thus  traced  is  termed  the  iwhttt- 
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la  tba  tanezed  (Fig.  6),  P  Q  and  ££  are  the  minor  and  major  axes  of  the  ellipsoid 

of  refrolotioa ;  m  m*  and  n  n  are  meaiuremcBts  of  a  degree  of  latitude  at  the  equator 

tad  ike  pole,  irhieh  ahow  that  a  longer  arc, 

nil',  is   reqiiired    at  tha  latter  to  form   an 

equTalent  angle  (dedufced  from  obfervations  of 

Iters}  than  at  the  equator.     The  effect  of  this 

flittaning  or  oompression  is  f^. 

The  piactieal  method,  then,  of  determining 

tita  length  of  a  degree  at  the  different  positions 

of  iha  earth's  surface  is  to  find,  first  of  all,  the 

aa^e  inelnded  between  the  yerticals  of  tho 

tvo  stations,  by  the  differences  of  zenith  dis- 

tanaea  of  certain  selected  stars.    This  is  per- 
formed by  means  of  a  zenith  sector,  the  stars 

being  chosen  near  the  zenith,  in  ordev  to  eliminate  any  uncertainty  with  regard  to 

itmospherical  refraction.  But  the  adjustments  of  a  zenith  sector  essentially  depend  on 
jj  .  the  accurate  verticality  of  tho  plumb- 

line,  which  has  been,  as  already  stated, 
considerably  affected  by  the  attraction 
of  neighbouring  mountains.  In  Fig. 
6,  C  M  A  is  a  surface  of  tho  earth, 
M  a  mountain,  A  £  the  direction  of 
tho  plumb-line  if  the  mountain  [did 
not  exist,  A  £'  the  observed  direction 
of  the  plumb-line.    In  a  similar  man- 
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ner,  G  D  ahould  be  the  real  direction  of  the  plumb-line,  and  G  D'  the  obsenred  direction  of 
the  plumb-line.  The  effect  of  this  attraction  will  be  easily  seen  to  affect  observations 
by  the  zenith  sector,  and  we  may  infer,  from  this  circumstance,  that  the  irreconcilable 
diffeorences  in  the'results  of  some  surveys  have  been  thus  occasioned. 

The  measurement  of  the  distance  between  the  two  stations,  extending  the  whole 
length  of  a  kingdom,  ia  effected  by  a  scries  of  triangulations 
ia  the  following  manner :— In  the  figure  (Fig.  7),  tho  length 
of  the  meridian  A  r  ia  required ;  and  for  this  purpose  we 
select  certain  stations  A,  B,  G»  B,  &c.,  as  clock-towers  or 
elevated  objects.  Gonceiye  these  to  be  joined  as  in  the  figure,  \ 
end  thus  to  form  a  series  of  triangles,  as  A  £  C,  £  C  D, 
CD£,&c. 

If  ire  know  all  the  sides  and  all  the  angles  of  these  different 
triangles,  as  well  as  the  angle  formed  with  the  meridian  A  m  m, 
with  the  aide  A  B,  we  can  conclude  easily  the  lengths  of  the 
difoent  parts,  A  m,  m  «,  »  ^,  of  this  meridian.  In  fact,  in  the 
triangle  A  B  m  we  know  the  side  A  £,  and  the  two  adjacent 
ang^  A  B  m,  B  A  SI,  whence  we  can  readily  find  the  side  A  m, 
wlueh  forms  the  first  portion  of  the  meridian,  as  well  as  B  m, 
and  the  ang^  B  m  A.    In  the  triangle  m  C  n  we  throw  the  side 

C  «,  which  is  the  diffierence  between  B  G  and  B  w,  and  the  two  adjacent  angles 
M  C  a,  G  m  «,  the  second  being  equal  to  B  m  A,  previously  determined*     Wft  ^ttv?^  \ 
at  the  same  conclusion  with  the  side  mn,  which  forms  the  second  poitiouoi  ^^  metv^^Ti,  \ 
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and  at  the  same  time  the  side  C  fi,  and  the  angle  C  »  m.    In  the  same  manner  the 
triangle  D  n  p  will  show  us  the  third  part  of  the  meridian,  and  hy  this  proceeding  we 

haye  determined  all  the  parts  of  the 
meridian  of  the  point  A. 

But  we  do  not  require  a  measurement 
of  all  the  side&— it  will  be  necessary  only 
to  measure  a  certain  part  termed  the 
hdue.  Suppose  that  the  side  A  B  be  the 
part  measured,  then  the  triangle  ABC 
is  entirely  known,  since  we  know  one 
side  and  the  three  angles,  and  we  can 
find  the  lengths  of  the  two  sides,  A  G, 
B  C.  In  the  same  manner,  the  know- 
ledge of  the  three  angles  of  the  triangle 
BCD,  and  of  the  side  B  0,  that  we 
find,  permits  the  determination  of  the 
length  of  each  of  the  two  sides  B  D  and 
C  B ;  and  proceeding  in  this  manner, 
we  find  all  the  sides  and  angles  of  all  the 
triangles  as  well  as  if  we  had  measured 
these  lines  directly. 

In  determining  an  arc  of  the  meri- 
dian, we  know  well  the  point  of  depar- 
ture, but  we  do  not  know  where  the 
second  extremity  is  situated.  We  can 
find,  it  is  true,  after  having  determined 
conformably  to  what  precedes,  the  length 
of  the  portion  F  r  of  the  side  F  G,  by 
measuring  the  distance  F  r ;  but  besides 
that  this  often  presents  great  practical 
difficulties,  it  will  frequently  happen  that 
the  point  r  would  not  be  fayourably 
placed  for  erecting  an  instrument  such 
as  a  repeating  circle  or  theodolite.  We 
have  also  sometimes  occasion  to  know 
the  latitude  of  the  point  r,  as  well  as 
that  of  the  point  A,  in  order  to  deduce 
the  angle  included  between  the  yerticals 
drawn  through  the  two  points.  To 
attain  this,  we  obscrye  the  latitudes  of 
the  two  extremities  F  G  of  the  side  on 
which  the  point  r  is  situated ;  we  can 
easily  compute  the  latitude  of  the  point 
r,  by  the  knowledge  that  we  haye  ascer- 
tained of  the  distances  comprised  be- 
tween this  point  r  and  the  two  points 
F  G.  Having  the  length  of  the  line 
F  A,  relatively  to  the  dimensions  oi  t"he  eMl\i,  ^%  cam  admit  that  in  going  finom  | 
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F  to  6,  along  the  line  F  G,  the  latitude  yaries  proportionally  to  the  distance  passed 
over  on  this  line.  

ll«tidiaa  of  nnu&oo.— One  of  the  greatest  measurements  of  an  arc  of  the  me- 
ridian iras  that  performed  at  the  end  of  the  last  century,  by  the  celebrated  astronomers 
Belambre  and  M^hain.  The  arc  irhich  they  measured  took  its  departure  at  Dun- 
kirk and  across  France  at  its  greatest  length,  terminating  in  Spain,  near  Barcelona, 
the  Pantheon  at  Paris  forming  the  summit  level.  Part  of  this  sunrey  is  contained  in 
the  preceding  figure ;  the  base  line,  on  which  the  success  of  the  whole  measurement 
depends,  was  measured  with  eyery  'possible  precaution  by  means  of  rods  of  plati- 
num, and  was  found  to  be  6075*98  metres.  The  angles  of  the  triangles  were  measured 
by  means  of  the  repeating  cirde,  and  the  lengths  of  the  different  sides  of  the  triangles 
were  sncoessiyely  determined  by  the  method  before  mentioned. 

In  order  to  haye  some  independent  check  on  the  result,  a  second  base  was  measured 
near  Perpignan,  that  is,  near  the'  southern  extremity  of  the  series  of  triangles.  The 
length  of  this  second  base,  reduced  to  the  level  of  the  sea,  was  found  to  be  6006*25 
metres.  In  comparing  the  length  thus  obtained  to  that  of  this  same  base,  deduced  from 
the  successive  emulations,  we  have  not  found  a  greater  difference  between  the  two 
results  than  10  inches  8  lines  (cent,  metres,  288).  So  small  a  difference  on  a  length  of 
more  than  6000  toises  is  surprising,  especially  when  we  consider  the  immense  dis- 
tance which  separates  the  base  of  Melun  and  Perpignan,  a  distance  of  more  than 
450,000  toises.  This  certainly  shows  that  the  operations  had  been  executed  with  great 
care. 

The  results  arrived  at  by  these  measurements  showed  at  once  that  the  value  of  a 
degree  was  different  at  the  equator  and  the  poles,  being  least  at  the  equator  and 
greatest  near  the  poles. 

From  a  judicious  combination  of  the  observations  at  all  the  stations,  Bessel  deduces 
the  following  elements  of  the  earth's  figure : — 

Equatorial  diameter,  41847199*9966  feet,'or  7925*606  miles. 
Polar  diameter  .  .  .  41707314*3324  feet^  or  7899*113  miles. 
Which  shows  an  ellipticity  of  7^. 

The  following  are  the  principal  results  on  which  the  above  elements  are  founded, 
vix:— 


Name  of  Place. 

Mean  Latitude. 

Lenirth  of  a  Deirree  in 
English  feet. 

Peru      . 

1"  31'     1" 

362,808 

India    .        . 

12°  32'  21" 

363,013 

France  and  Spaii 

1.         46»     8'     6" 

364,649 

England        • 

62''     2*  20" 

364,914 

Lapland 

66**  20'  10" 

365,782 

In  European  latitudes,  acti 

lal  observation  gives : — 

Stations. 

MeanLat. 

English  Feet. 

Foxmentera  . 

40»     0'  50" 

364,206 

Montjouy      . 

42»  17'  29" 

364,239 

Carcassonne  . 

44°  41'  49" 

364,347 

Evaux  . 

47'  30'  46" 

364,935 

Pantheon 

49°  56'  29" 

365,052 

Dunkirk 

6V  15'  25" 

aft6,\\^                          ^ 

Greenwich. 

\ 
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From  Bessers  Elements  the  next  table  is  formed : — 

Length  of  a  Degree 

Lat. 

of  Meridian. 

of  Latitude. 

Badias  Vector. 

Angle  of  Vertical. 

English  Feet. 

English  Feet. 

o 

0 

367,749 

365,186 

1  000000, 

0 

00 

5 

362,776 

363,805 

0-999975 

1 

59-5 

10 

362,858 

359,674 

0-999899 

3 

65-5 

15 

362,992 

352,821 

0-999778 

5 

44-3 

20 

863,174 

343,296 

0-999612 

7 

22-7 

25 

363,398 

331,168 

0-999407 

8 

47-9 

30 

363,658 

316,524 

0-999170 

9 

571 

35 

363,946 

299,472 

0-99S907 

10 

48-3 

40 

364,254 

280,135 

0-998626 

11 

19-8 

45 

365,572 

258,657 

0-998336 

11 

30-6 

60 

364,590 

435,198 

0-998045 

11 

20-5 

55 

865,199 

209,933 

0-997763 

10 

49-7 

€0 

365,489 

183,052 

0-997499 

9 

691 

65 

365,752 

154,759 

0-997259 

8 

50-2 

70 

365,979 

125,271 

0-997052 

7 

26-1 

75 

366,163 

94,812 

0-996884 

5 

463 

80 

366,300 

63,620 

0-996759 

3 

670 

85 

366,382 

31,568 

0-996683 

2 

0-3 

90 

366,411 

0 

0-996657 

0 

00 

The  elements  of  the  earth's  figure,  deduced  by  Professor  Airy  (Encydopsdi 
Metrop.,  Art.  Figure  of  the  Earthy  are — 

Equatorial  diameter  in  miles        .        .        .        7925*648. 
Polar  diam6ter  in  miles       .        .        ,  .     *        7899*170. 
The  equatorial  eircmnference  being  a  little  less  than  25,000 — aocnrately,  24,899. 

To  illustrate  the  very  trifling  proportion  which  subsists  between  the  inequalit 
of  the  earth's  surface  and  its  entire  volume,  we  may  suppose  an  artificial  ball  eightc 
inches  in  diameter  to  represent  our  globe,  when  the  proper  proportionate  elevation 
be  assigned  to  its  highest  mountains  would  be  ^th  of  an  inch. 

Rotation  of  tlio  Eaxth, — Two  principal  motions  belong  to  our  planet ;  one 
rotation  upon  its  axis,  called  its  diurnal  motion,  producing  the  succession  of  day  f 
night ;  and  another  of  progression  in  space,  or  revolution  round  the  sun,  called 
annual  motion,  causing  the  yicissitude  of  the  seasons.  Both  of  these  motions  axe 
be  understood  of  the  whole  earth,  its  interior  substance,  its  superficial  masses  of  k 
and  water,  the  surrounding  atmosphere,  and  the  clouds  in  suspension  over  it ;  f 
both  motions  are  in  the  same  direction  from  west  to  east. 

The  exact  time  occupied  by  the  diurnal  rotation  is  23  hours,  (56  minutes,  ( 
4*09  seconds.  This  forms  a  sidereal  day ;  so  called,  because  in  that  time  the  st 
appear  to  complete  one  revolution  round  the  earth.  A  star  which  is  on  the  merid 
of  a  place  at  a  given  period,  will  be  on  the  meridian  again  after  that  interval.  Bui 
while  the  earth  rotates  upon  its  axis  it  is  also  mo-dng  in  its  orbit  round  the  sun,  it  t 
require  twenty-ftrar  hours,  upon  an  average  through  the  year,  for  the  sun  to  p 
^•om  the  meridian  of  a  place  to  the  same  meridian  again.  This  forms  a  solar  d 
longer  tbana  aidereal ;  and  consequent\y,  in  t\ie  co\n%Q  ot  ^^  earth's  annual  re^ 
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lution  round  the  buh,  whUe  we  hare  365  of  the  fonner  we  haye  366  of  the  latter,  or 
that  number  of  complete  rotations  of  the  earth  upon  its  axis.  Hence  the  well-known 
fact,  that,  in  trayclling  round  the  globe,  a  person  finds,  on  arriying  at  the  point 
whence  he  set  out,  that  he  has  gained  or  lost  a  day  in  his  reckoning  of  time,  according 
as  he  has  trayelled  east  or  west,  as  compared  with  the  reckoning  of  those  who  haye 
remained  at  rest 

The  earth's  motion  upon  its  axis  is  perfectly  unifbrm  and  equable.     Sidereal  days, 

i  therefore,  are  always  of  the  same  length,  every  rotation  being  accomplished  in  the 

.  same  time ;  but  the  motion  of  our  planet  in  its  orbit  being  unequal,  sometimes  faster, 

'.  sometimes  slower,  solar  days  yary  in  length  at  different  times  of  the  year.    Hence  the 

I  hour  shown  by  a  well-regulated  olock  and  a  true  sun-dial  is  scarcely  oyer  the  same ; 

I  the  difference  between  them,  sometimes  amounting  to  16|  minutes,  being  called  the 

equation  of  time.    About  the  21st  of  December,  the  solar  day  is  half  a  minute  longer, 

and  about  the  2l8t  of  September  nearly  as  much  shorter  than  24  hours ;  which  is  an 

average  of  all  the  solar  days  throughout  the  year. 

The  rotation  of  the  earth  upon  its  axis  is  not  susceptible  of  ocular  evidence  like 

that  which  the  observation  of  spots  upon  the  sun,  and  some  of  the  planets,  affords  of 

the  same  fact  in  relation  to  those  bodies.     Nevertheless,  the  truth  of  the  doctrine  is 

established  by  various  considerations. 

(       Either  the  globe  revolves  upon  an  axis  every  twenty-four  hours,  or  the  whole 

j  uniyerse,  including  the  sun,  moon,  comets,  and  fixed  stars,  accomplishes  a  revolution 

j  round  the  earth  in  the  same  time.     No  third  opinion  upon  the  subject  can  possibly  be 

I  held.     In  the  latter  case  it  is  evident,  from  the  distance  of  the  celestial  bodies,  that 

their  diurnal  revolution  around  our  planet  must  involve  a  rate  of  motion  that  is  utterly 

inconceivable.     The  sun  must  travel  at  the  rate  of  400,000  miles  a  minute,  the  nearer 

stars  with  the  velocity  of  upwards  of  1,000,000,000  of  miles  a  second,  and  the  more 

distant  with  a  rapidity  which  no  numbers  can  express.    It  is  absurd  to  suppose  this, 

when  the  end  to  be  gained  requires  only  our  little  globe  to  revolve  upon  itself. 

The  following  considerations  present  themselves.  If  the  diurnal  moTement  which 
we  see,  were  attributable  to  a 
movement  of  the  stars,  E,  £*,  £^ 
(Fig.  8)  would  describe  uni- 
formly a  circle  situated  in  a 
plane,  T  P,  perpendicular  to  the 
plane  of  the  poles  and  the  oentres 
of  the  circle,  C",  C,  C,  for  the 
rsdnoed  perpendiculars  of  the 
sfizB  upon  this  line ;  that  is  to 
say,  the  most  distant  points  from 
the  earth  T.  But  we  know  that 
when  a  body  describes  a  circle 
with  a  uniform  motion,  it  is 
attracted  towards  the  centre  of 
the  circle  by  a  constantly  acting 
Ibvoe,  of  whiob  the  magnitude 
depends  at  once  upon  its  rate  of  motion  and  the  radius  of  the  circle  which  it  describes. 
The  ataxB  "R,  E'  E"  cannot  move  in  the  circle  of  which  we  speak,  without  \Nnxi%%^Xx%A\^ 
towards  the  points  C,  C,  C,  aitnated  upon  the  lino  of  the  poles. 


Fig.  8. 


\ 
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But  something  like  demonstratiye  proof  of  real  eircumstanoes  may  be  adduced.  If 
the  earth  rotates,  the  summit  of  a  high  tower,  haying  a  larger  circle  of  rotation  to 
describe  in  the  same  time  than  the  base,  must  obyiously  moye  with  greater  rapidity ; 
a  stone,  therefore,  dropped  from  the  summit,  leaying  it  with  a  greater  momentum,  will 
moye  faster  through  the  whole  of  its  descent  than  the  base,  and  reach  the  ground  a 
little  in  adyance,  or  easterly,  of  the  foot  of  the  perpendicular,  the  direction  of  the  earth's 
rotation.  Owing  to  the  small  height  of  buildings  suitable  for  the  purpose,  this  is  a  yery 
difficult  matter  to  test ;  but  experiments  haye  been  conducted  with  this  result,  in  1804, 
in  St  Michael's  Tower,  at  Hamburg,  and,  in  1805,  in  a  coal-pit  at  Schlebusch,  in  the 
county  of  Mark.  Let  the  circle  E  (Fig.  9)  be  the  equatorial 
circumference  of  the  earth,  the  line  T  a  tower  perpendicular 
to  G  the  centre,  the  circle  M  will  then  be  the  circumference 
described  by  the  summit  of  the  tower  S,  in  the  course  of  one 
rotation  of  the  earth  upon  its  axis;  If  we  suppose  the  base  of 
the  tower  b  to  pas3  to  c,  the  summit  S  will  in  the  same  time 
pass  to  a,  and  this  being  the  larger  arc,  it  follows  that  the  sum- 
Fig.  9.  mit  must  trayel  faster  than  the  base.  If  then  the  earth 
rotates  eastward,  a  ball  dropped  from  the  summit  wjll  leaye  it  with  its  momentum, 
and  move  faster  eastward  tiirough  the  whole  of  its  descent  than  the  base.  The 
result  will  be  that  it  will  deyiate  a  little  from  the  plumb-line,  and  fall  a  little  to  the 
east  of  €, 

Again :  a  pendulum  of  a  giyen  length,  which  makes  86,535  yibrations  in  a  day  at 
London,  will  make  only  86,400  in  the  same  time  if  transported  to  the  equator.  This 
shows  that  the  force  of  grayity  which  produces  its  oscillations  must  be  least  where  the 
moyement  is  the  slowest,  or  less  at  the  equator  than  at  London.  Now  assuming  the 
earth's  rotation,  its  equatorial  regions,  where  the  circle  of  the  circiunference  is  the 
greatest,  must  reyolye  with  greater  yelocity  than  those  which  are  situated  towaidi 
the  poles ;  consequently,  the  tendency  to  fly  off  from  the  centre  is  greater  there,  which 
proportionably  neutralizes  the  force  of  gravity,  and  accounts  for  the  unequal  action  of 
the  pendulum. 

At  the  equator,  the  rate  of  the  rotation  is  about  1042  miles  an  hour,  or' 17  miles  t 
minute ;  at  30**  of  north  latitude  it  is  14  miles  a  minute ;  at  45%  or  about  the  centre 
of  France,  it  is  11. 

Annual  Motion  off  the  Eazth. — The  annual  motion  of  the  earth,  or  its  orbital 
moyement  round  the  sun,  occupies  a  period  of  365  days,  5  hours,  48  minutes,  49*7 
seconds.  This  forms  the  solar  year,  or  the  period  wMch  the  sun  appears  to  take, 
through  the  actual  procession  of  our  planet,  in  passing  fi*om  a  particular  point  of  the 
ecliptic,  say  the  first  point  of  Aries,  where  the  ecliptic  and  the  equator  intersect,  to  the 
same  point  again.  It  is  also  called  the  tropical  year,  because  the  interval  occupied  by 
the  sun  in  visiting  the  tropics  and  returning  to  the  equator.  The  sidereal  year,  or  ih» 
space  of  time  which  the  sun  takes  in  apparently  passing  from  any  fixed  star  till  it 
returns  to  it  again,  is  365  days,  6  hours,  9  minutes,  9*7  seconds ;  rather  more  than  20 
minutes  longer  than  the  tropical  year,  which  is  due  to  a  slow  annual  displacement  of 
the  equinoctial  points. 

As  the  mean  distance  of  the  earth  from  the  sun  is  95,000,000  of  miles,  the  diameter 
of  the  orbit  is  190,000,000  of  miles,  and  its  linear  extent  near  600,000,000  of  miles. 
This  enormous  distance  is  traversed  at  the  rate  of  68,000  miles  an  hour,  or  19  miles  in 
a  second.    This  is  the  mean  velocity  for  the  year ;  but  in  January  the  earth  travels  at 
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the  rate  of  69,600  miles  an  hour ;  which  it  more  than  3,000  miles  an  hour  its  rate  of 
motion  in  July,  when  it  is  only  66,400  miles  an  hour.  This  results  from  the  second 
law  of  Kepler,  to  which  we  shall  afterwards  return. 

Hipparehus,  two  thousand  years  ago,  was  the  first  who  closely  approximated  to  the 
true  length  of  the  solar  or  tropical  year.  His  determination  of  365  days,  6  hours,  66 
minutes,  12  seconds,  ezhihits  a  yalue  hut  slightly  in  excess  of  the  truth. 

The  earth's  motion  of  translation  in  space,  like  that  of  its  rotation,  is  imperoeptihle 
by  us ;  resembling  that  we  experience  in  calmly  floating  down  a  stream,  when  surround- 
ing stationary  objects  appear  to  be  in  movement,  and  our  senses  are  lulled  into  complete 
forgetftilness  of  our  own  progression.  It  appeals  not  to  the  eye,  as  in  the  case  of  the 
other  planets,  which  are  seen  to  be  constantly  changing  their  place ;  but,  besides  the 
BTidenoe  of  strong  probability  in  its  fayour,  it  has  receiyed  sensible  confirmation  from 
the  disGOTery  of  the  aberration  of  the  stars. 

In  its  annual  reyolution  round  the  sun,  the  axis  of  the  earth,  inclined  23}**  from  a  line 
perpendicular  to  the  plane  of  the  orbit,  maintains  inyariably  the  some  position,  causing 
the  phenomena  of  the  seasons.  An  attempt  is  made  in  the  engraying  at  page  219 
to  delineate  the  annual  reyolutions  of  the  earth  about  the  sun,  and  the  other  pheno- 
mena attending  it. 

By  measuring  the  distances  of  the  earth  from  the  sun,  at  different  times  of  the 
year,  the  shape  of  its  orbit  has  been  ascertained.  These  distances,  as  they  were 
miequal,  could  not,  of  course,  be  semi-diameters  of  a  circle,  but  they  corresponded, 
taken  together,  to  the  radii  yectores  of  an  ellipse.  The  straight  line  connecting  the 
porihdion  and  aphelion,  passing  through  the  centre  of  the  sun,  is  the  line  of  apsides. 
The  inclination  of  the  earth's  orbit  to  its  equator,  or  the  so-called  obHquity  of  the 
seKpikj  amounts  to  23°  27'.  The  yelocity  of  the  earth  is  greatest  at  the  perihelion 
and  least  at  the  aphelion.  It  is  further  to  be  obsenred,  that  the  mean  distance  of  the 
earth  from  the  sun  is  equal  to  half  the  major  axis  of  the  earth's  orbit,  and  the  line  of 
apsides  is  itself  the  major  axis.  There  are  four  noteworthy  points  in  the  earth's  orbit 
in  the  engraying,  yiz.,  those  which  mark  the  beginning  of  the  four  seasons.  Two  of 
these  points  are  called  the  sohtiees — ^they  mark  the  beginning  of  winter  and  summer. 
The  straight  line  uniting  them,  passing  through  the  centre  of  the  sun,  is  called  the 
soUtUidl  coUtrs,  The  two  other  points  are  the  equinoxes,  yemal  and  autumnal,  marking 
the  commencement  of  spring  and  autumn.  The  straight  line  cutting  them  at  right 
aaj^,  and  ptsiing  through  the  centre  of  the  sun,  is  the  equinoetiai  cohtre.  This  en- 
graying also  represents^l.  Group  of  stars  in  Aquarius.— 2.  Mars,  as  seen  Aug.  16, 
IftSO,  by  Sir  [John  Herschel  at  Slough. — 3.  Group  of  stars  in  the  constellation  of 
Hercules. — 4.  Great  Comet,  as  seen  Sept  10,  1811.— 5.  Groups  in  Cancer. — 6.  A  star 
in  the  middle  of  the  elliptical  nebula.— 7.  Comet  of  1811. — 8.  Nebula  in  Ursa  Major. 
—9.  Bright  dliptical  nebula  in  Sagittarius. — 10.  Three  stars  in  Auriga. — 11.  View  of 
Satomwith  his  rings. — 12.  Nebula  in  Gemini. — 13,  14.  Nebula  in  Andromeda. — 15. 
Nebula  in  Monoceros. — 16.  The  comet  of  1819.— 18.  Streaks  in  Jupiter,  as  obserycd 
Sept  23,  1832,  by  Sir  J.  Herschel.— 19.  Group  of  stars  in  Cancer. 

The  earth  is  represented  on  the  first  day  of  each  of  the  twelye  months  of  the  year, 
the  solar  distances  corresponding  to  these  twelye  positions,  and  the  shape  of  the  earth's 
(olnt  The  deeper  circle  surrounding  the  pole  at  a  short  distance,  is  intended  to  repre- 
Bent'the  parallel  of  latitude  of  Europe,  or  the  hour  circle  of  that  place  diyided  into 
twenty-fbur  hours.  Although  at  the  end  of  December  the  earth  is  nearest  the  sun, 
yet,  at  that  time  in  the  northern  hemisphere,  the  heat  is  less  than  at  any  other.    Tho 
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reason  of  ^m  U^  iti  the  fat^t  of  the  akgrt  d^ys  and  long  nights^  as  well  as  tliat  the  ami'i 
rays  fall  very  obliquely  on  tbe  earth,  IraTenlDg  n  longer  patb  tiroxigh  the  atmo^tec, 
and  Gonscquently  lu&ing  much  of  their  heating  power.  At  the  hegbuxing  of  July,  on 
the  Douttary,  although  ihen  the  earth  is  at  its  ^eatest  distance,  the  temperatirrts  of  the 
northern  lieiniBphere  is  greatest,  en  account  of  the  long  days  and  ehort  nights,  tod  ihe 
grtat  altitude  of  the  sun  at  noon.  It  must  not  he  forgotten^  however,  that  owing  to 
the  precession  of  th«  equinoxes,  these  aigns  no  longer  cerrespond  to  the  donateUatlcBfi 
of  the  same  name,  so  that  now  the  sign  Fiaoes  corresponds  to  the  consteEation  AcifiS, 
the  ifgn  Aries  to  tho  constellation  Taurus^  &q.  It  is  furUier  evident,  that  if  dis 
earth  at  the  hcginniug  of  springs  summer,  autumn »  and  winter,  ahtmld  bo  m  tlw 
signs,  Arie3>,  Cancer^  Libra,  and  Capricomna,  respectively,  then  the  sun^  ae  being 
alwayfi  direistly  opposite  in  the  eeliptio,  will  be  in  the  signs  Libra,  Caprieornus,  Adea, 
and  Canoe  r. 

An  atmosphere — the  region  of  the  winds, lightning,  and  ineteoric  corrueoation? — upoa 
which  respiring  beings  depend  for  vitality,  aurrounds  our  globe,  and  is  one  of  its  mort 
important  attributes  j  chiefly  ioterestiug  to  tho 

astronomer,  on  account  of  its  effect  in  difiplsy-  -V  ■    -    , 

in  g  to  us  the  heavenly  bodies  End  diifuaing  the  ,.;.  .  : /'. 

rays  of  light  in  every  directjou  around  uSh    The  >:'  .  .^ 

extent  of  this  wonderful  and  benign  envelope  is 
not  prociiitfly  known  j  but  its  density  diminbhes 
as  we  ascend  from  the  aurfaee,  tind,  at  a  v«ry 
inconsiderable  elevation,  it  becomes  go  rare  as 
to  int£?rfpm  with  the  functions  of  existence*  The  ^'v'^ 
diagram  represents  the  engirdling  atmosphera  ' -^^ 

of  our  planet,  various  strata  of  air  resting  upon 
it,  the  upper  pressing  upon  the  lower,  and  oaus-  ■'''^■•''^$^i^^^^=^B'^^^-:>-' 

ing  the  interior  to  be  more  dense   than  the  ''^//i^i?T^"^\^''^ 

exterior  strata. 

The  density  of  the  earth  is  ^^  that  of  water,  so  that  our  globe  would  ccEuntorpoiH 
4^  globes  of  the  some  size,  composed  of  materials  of  the  sfime  specific  gravity  as  waiern 
Yet,  abandoned  to  the  solar  attraction^  it  wonld  require  64  days,  13  hours,  to  fsU 
upon  the  sun. 

The  varying  intensity  of  the  force  of  gravity  at  the  snn^e  of  the  earth,  as  shoio 
by  the  unequal  action  of  the  pendulum,  which  vibrates  slower  at  the  equator  than  in 
otltor  plaees,  is  as  1  at  the  equator  to  1  ^^  at  tlie  poles.  A  body,  therefore,  w^igliim 
194  pounds  at  the  equator,  would  weigh  195  pounds  at  the  north  pole. 

The  place  of  the  earth  in  the  system  is  a  favoured  one,  where  nearly  all  the  planeto 
ire  visible  to  the  naked  eye.  While  they  appear  in  our  heavensj  Jupiter,  Vennf,  and 
oceasiomdly  Mare,  shining  with  great  splendour,  our  planet  may  be  presumed  to  retiii& 
the  compliment,  exhibiting  to  Venus,  at  thtj  time  of  her  inferior  conjunotionj  when  tbi 
is  nearest  to  us,  a  full  orb  re^lendent  through  h«T  whole  night* 


ON  THE  STJX. 

Thib  stupendous  luminaiy,  to  which  we  are  indebted  for  many  of  the  blessings  we 
enjoy — the  source  of  light  and  heat,  aud  which  also  contributes  matcriully  to  tho 
deyelopment  of  vegetation— will  now  claim  our  attention.  It  also  serves  as  a  btandard 
for  the  regulation  of  our  calendar.  Tho  orbit  which  it  appears  to  describe  abuut  the 
earth  fixes  our  year,  whilst  its  displacements  in  the  ecliptic  regulate  our  seasons.  A 
Utile  attention  will  shew  us,  that  its  motions  in  the  heavens  from  day  to  day  differ 
from  that  of  a  fixed  star.  We  have  only  to  mount  firmly  any  line  of  sight,  properly 
protected  by  coloured  glasses  from  the  glare  cf  sun-light,  and  we  can  readily  deter- 
mine, by  means  of  a  watch  or  chronometer,  that  the  interval  between  the  successive 
returns  of  the  sun  will  be  different  at  different  times  of  the  year;  whilst  the  in- 
varinble  constancy  of  the  returns  of  the  fixed  stars,  on  the  other  hand,  impress  us  at 
once  with  the  notion  that  the  earth  rotates  on  its  axis.  The  apparent  path  of  the 
sun,  however,  in  the  heavens  is  not  so  easily  traced  as  that  of  the  moon,  or  planets 
whose  position  can  be  readily  compared  with  the  fixed  stars.  For  any  accurate 
investigations  we  are  obliged  to  make  use  of  a  transit  instrument  and  mural  circle, 
which  will  be  described  hereafter.  By  these  instruments  we  find  two  elements 
neeeisary  to  define  its  path,  namely,  its  right  ascension  and  declination.  Its  diameter 
eaa  also  be  Teadily  known.  "We  thus  find,  that,  in  addition  to  its  diurnal  motion,  it 
partakes  of  a  proper  motion  always  in  the  same  direction  from  west  to  east,  and  that 
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it  is  six  months  above,  and  six  months  below  the  equator.    Its  path  in  the  h^ayens 
is  termed  the  ediptic,  and  passes  through  the  following  constellations : — 

Aries.  Leo.  Sagittarius. 

Taurus.  Virgo.  Capricorn. 

Gemini.  Libra.  Aquarius. 

Cancer.  Scorpio.  Pisces. 

Its  orbit  is  inclined  to  the  equator  by  an  angle  of  23°  27',  termed  the  obliquity  of  the 
ediptie.  The  intersections  of  its  orbit  with  the  equator  occur  at  two  points,  termed  the 
vernal  and  autumnal  equinoxes.  The  points  at  which  the  greatest  and  least  declinations 
of  the  sun  take  place  are  called  the  solstices. 

Motion  of  tho  Sun  in  its  Orbit. —In  order  to  obtain  the  accurate  path  of  the 
sun  in  the  ediptic,  it  will  be  necessary  to  convert  the  right  ascension  and  declination, 
obtained  by  means  of  the  transit  instrument  and  mural  circle,  into  longitudes,  which 
can  be  readily  done,  having  given  the  obliquity  of  the  ecliptic.  It  will  then  be  easily 
seen  that  the  arc  described  in  the  space  of  a  day  is  not  uniform,  varying  in  amount  at 
different  parts  of  his  orbit  The  maximum  change  occurs  on  the  first  of  January,  when 
it  amounts  to  61'  10",  and  which  gradually  diminishes  to  the  first  of  July,  when  the 
value  is  57'  12",  after  which  its  motion  is  again  quicker.  The  average  vdodty  of 
59*  11"  takes  place  at  the  commencement  of  April  and  October.  The  observed  diameter 
obtained  by  moans  of  the  passage  of  his  eastern  and  western  limb  over  the  meridian,  or 
the  vertical  diameter  measured  by  the  mural  circle,  will  also  exhibit  fluctuations ;  the 
maximum  occurring  at  the  time  of  its  greatest  angular  velodty.  It  would  by  this 
appear  that  its  distance  from  the  earth  varied.  The  variable  vdpcity  of  the  sun  in  its 
orbit  engaged  the  attention  of  Hipparchus,  who  lived  about  140  years  before  our  eia, 
and  who  appears  to  have  been  a  more  accurate  observer  of  the  solar  motions  than  hig 
predecessors.  This  cdebrated  philosopher,  who  was  of  opinion  that  the  motion  in  a 
circular  orbit  was  the  more  natural,  invented  an  eetentrie  hypothesis^  which  explained 
the  greater  angular  vdocity,  and  the  smaller  angular  velocity,  but  which  &iled  at  the 
intermediate  positions.  He  considered  tbat  the  earth  was  removed  some  distance  from 
the  centre  of  the  sun*s  motion,  as  in  the  annexed  diagram.    If  the  earth  be  supposed  to 


Fig.  10.  Rrii. 


be  placed  atT  (Fig.  10),  insteadof  atO,  the  centre  of  the  cirde  M  £  K  £,  it  will  fdlow 
that  the  equal  am  described  by  the  sun  in  equal  times  will  not  appear  unifitniiy  and  thus 
the  motkm  will  be  dower  at  N  than  atM,  and  will  gradually  incraae  from  the  former  to 
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the  latter  point.  Hipparehui  explained  thii  chao^  in  the  angular  yelooity  of  the  wat^  by 
means  of  the  epioycle.  Sappoeing  that  the  earth  is  placed  at  T  (Fig.  1 1),  with  a  radius 
T  0,  deaoribe  the  eirole  0  0'  0".  If  the  lun  be  fixed  at  S,  in  the  amalier  circle  C  S 
(which  is  called  the  epiojole}|  and  makes  a  complete  revolution  in  the  direction  of  the 
arrow,  in  the  same  time  that  the  circle  itself  passes  round  the  earth ;  it  would  follow 
that  the  sun  would  always  remain  at  equal  distances  from  the  point  T,  as  at  a\  a",  a"'. 
But  if  the  sun  be  supposed  to  travel  uniformly,  and  always  preserve  the  same  direction 
G  S,  C  S\  (y  8"  &c.,  it  is  plain  that  its  distance  will  vary  from  the  point  T.  If  we 
make  T  O  equal  to  G  S,  and  describe  a  circle  from  the  centre  0,  this  circle  will  pass 
through  all  the  points  8  8'  8"  S'".  This  agrees  with  the  preceding  explanation,  for 
whilst  the  sun  describes  a  circle  round  0,  the  earth  T  is  placed  eccentrically  in  this 
<»rcle.  The  amoimt  of  this  eccentricity  may  be  determined  by  comparing  the 
angular  velocities  of  the  sun  when  at  apogee  and  perigee ;  and  we  thus  find 
TM  :  TN  ::  3431*5;  3670*1;  whence  it  would  result  that  the  greatest,  the  mean,  and 
the  least,  distance,  supposing  the  earth's  orbit  to  be  circular  and  the  motion  uniform, 
would  be  1*0338  :  1*0000  :  and  0*9662  respectively  ;  the  eccentricity  of  the  earth's 
Dibit  would  be  0*0338,  or  ^.  We  may  also  arrive  at  a  knowledge  of  the  eccentricity 
e,  by  comparing  the  diameters  of  the  sun  at  different  epochs. 

Thus,  let  <^  be  the  least  diameter,  D  the  greatest  diameter,  and  8  the  mean  diameter, 
then 

,  3  _.  8  3       1— d         ,        D  — rf 

In  this  case  D  =  1955''*6,  rf=  1891",  and  the  resulting  eccentricity  is  0*0168 ;  con- 
sequently the  greatest  and  least  distances  would  be  1  0168  and  0*9832.  It  would  follow 
from  this,  that  the  motion  of  the  sun  in  its  orbit  cannot  be  uniform,  but  that  it  must  move 
really  more  rapid  when  at  perigee  than  at  apogee.  The  variation  of  its  angular  velocity 
is  about  twice  as  great  as  that  of  its  distance.  We  may  arrive  at  a  knowledge  of  the  true 
orbit  of  the  earth  round  the  sun  by  marking  off  the  longitudes  daily,  and  the  pro- 
portional radii  (estimated  from  the  observed  diameters).  It  will  thus  be  found  that 
the  figure,  roughly  traced,  will  differ  considerably  from  a  circle,  and  will  be  an  ellipse, 
having  the  earth  in  one  of  its  foci.  It  was  not,  however,  by  these  simple  means  that 
Kepler  made  the  great  discovery  of  the  elliptic  motion  of  the  earth  and  planets,  but  by 
a  long  and  laborious  discussion  of  the  observations  of  Mars,  made  by  his  master  and 
patron  Tycho  Brah6. 

By  further  consideration  on  the  motions  of  the  planets,  Kepler  discovered  that 
their  angular  velocity  diminishes  in  the  same  proportion  as  the  square  of  the  distance 
increases,  and  that  the  areas  described  by  the  radius  vector  are  proportionate  to  the 
times  of  description.  If  we  suppose  a  planet  to  pass  through  M  M'  and  N  N'  in 
the  same  space  of  time,  it  would  follow  from  this  that  the  areas  M,  T,  M',  and 
N,  T,  N',  are  equal,  and  that  the  angular  velocities  are  greatest  at  perigee  and  least  at 
apogee.  The  form  of  the  ellipse  which  the  earth  describes  about  the  sun  differs  but 
little  from  that  of  a  circle,  as  the  distance  0  T  is  only  one-sixtieth  part  of  the  semi- 
major  axis  0  M ;  and  if  such  an  ellipse  were  described  of  a  yard  in  diameter,  the 
difference  between  the  major  and  minor  axis  would  be  almost  invisible. 

The  direction  of  the  line  of  the  apsides  of  the  earth  being  known,  its  position  in  respect 
to  the  fixed  stars  has  next  to  be  determined.  The  line  to  which  this  is  referred  is  that  of 
D  B  of  the  equinoxes.    At  the  present  time,  the  inclination  between  the  major  axis  M  N 
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of  the  earth's  orbit,  and  the  line  D  B  of  the  solstices^  is  nearly-  lO**,  and  i*  gadaailj 
increasing — the  major  axis  increasing  in  the  same  direction  as  the  ana's  xiotieBt  at 
the  rate  of  62^  annually.  The  duration  of  the  seasons  is  conse^ueitly  unequal,  as 
may  be  seen  by  comparing  \he  areas,  mT  h,  bTe,  cT  d^  and  ^  T  «r  wkieh  being  pro- 
portionate to  the  tlmeS)  the  sun  will  consequently  remain  longer  in  the  quaArant  A  T  <^ 
than  in  6  T  a,  &e.    Whilst,  tkerefmre,  the  length  of  tho  year  is  eoastant,  the  dnratkn 


of  the  seasons  is  subject  to  a  slight  change  from  year  to  year.     At  the  present  timft^  the 
lengths  of  the  different  seasons  are  as  follows  :— 


Spring     , 
Summer 
Autumn  , 
Winter    , 


d.   h.    nu 

92  20  59 

93  14  13 
89  18  35 
89     0     2 


The  snn,  therefore,  remains  nearly  eight  days  longer  in  the  northern  than  in  the 
southern  hemisphere.  By  taking  into  account  the  rate  of  the  progressive  motion  of  tfce 
apsides,  M  N,  which  i*  Cl^-S  per  annum,  according  both  to  theory  and  observatioD)  the 
time  when  the  line  of  solstices,  D  B,  coincided  with  the  line  of  apsides  may  be  determined; 
and  it  has  been  concluded  that  this  occurred  in  the  year  1250.     At  that  time  the 
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auUmui  and  winter  qusrten  were  of  equal  length,  and  likewiie  the  spring  and  summer ; 
but  the  summer  was  longer  than  the  winter. 

MfltanA*  of  thm  Sun. — Before  we  make  any  very  accurate  progress  in  the 
motiaa  of  the  tun  in  ita  orbit,  we  must  first  discover  the  sun's  actual  distance^  or  the 
angle  to  which  the  earth  subtends  at  the  sun. 

Whilst  the  relative  distances  of  the  planets  from  the  'sun,  expressed  in  values 
of  the  earth's  distance,  can  be  determined  by  means  of  Kepler's  laws,  the  actual 
distance  of  the  earth  from  the  sun,  expressed  in  some  known  measure,  can  only  be 
arrived  at  by  a  long  and  tedious  process ;  and  that  only  on  some  rare  occasions.  The 
micrometrical  apparatus  of  the  present  day  has,  indeed,  successfully  detected  changes  in 
the  positions  of  double  stars,  &c.,  of  one-fiftieth  the  actual  amount  of  the  solar 
parallax;  but  the  objects  under  those  circumstances  are  much  more  favourably 
situated  for  observation,  and  considerably  better  defined  than  the  sun ;  and  the  irregu- 
laritiaa  oi  refraction  scarcely,  if  at  all,  enter  into  the  question.  If  these  causes  of  error 
could  be  removed  from  the  description  and  definition  of  parallax  which  have  been 
previouslj  given,  it  is  plain  that  the  parallax  of  the  sun  might  be  deduced  in  the 
manner  Idtherto  described,  viz.,  by  observing  its  zenith  distance  in  the  northern  and 
southern  hemiapheres,  and  in  the  same  meridian ;  or,  if  the  meridiana  are  different,  the 
change  in  the  sun's  declination  may  be  calculated,  and  applied  in  order  to  reduce  the 
one  position  to  the  other  for  the  purpose  of  comparison.  Such,  a  method  has  not, 
however,  succeeded  with  the  sun,  in  consequence  of  the  smallnees  of  its  parallax, 
whieh  it  also  mixed  up  with  the  uncertainty  of  the  observations  and  the  errors  of 
refraction.  In  modem  times,  when  increased  instrumental  accuracy  and  skill  in  their 
use  have  been  lurought  to  bear  on  this  question,  the  i-esult  arrived  at  by  this  means 
maybe  more  approximate.  The  method  by  which  the  parallax,  as  constantly  made  use 
of  at  the  present  timey  has  been  determined,  is  that  deduced  by  means  of  the  passage  of 
Venus  ov»  the  sun's  disc — or  the  tranmt  of  Venus,  as  it  is  more  comm(mly  called — the 
value  of  which  was  first  pointed  out  by  Dr.  Halley.  This  method,  although  indirect, 
gives  the  solar  parallax  with  great  accuracy ;  and  so  well  was  it  determined  at  the  last 
passage  of  1769,  that  most  astronomers  are  of  opinion  that  it  can  scarcely  be  amended 
by  future  determinations. 

The  manner  in  which  this  phenomenon  is  applied  to  the  determination  of  the  solar 
parallax  will  be  seen  by  the  diagram  (Fig.  12).  The  relative  distances  of  the  earth  and 
Venua  firasn  the  sun's  centre  are  accurately  known.  Let  us  suppose  that  when  Venus  is 
situated  between  the  sun  and  the  earth,  its  distance  from  the  former  is  0*73,  the  earth's 
distance  being  1*00.  The  earth  being  situated  at  T,  and  two  observers  stationed  at  the 
o^)oeite  diameters  A  and  B,  the  observer  at  B  will  perceive  Venus,  V,  crossing  the 
sun's  diso  frrom  cto  d,  whilst  the  observer  at  B  will  see  it  passing  from  etof.  The 
breadth  of  this  zone,  a  b,  will  be  considerably  greater  than  the  diameter  of  the  earth, 
A  B,  in  consequence  of  the  greater  proximity  of  the  planet  to  the  earth,  V  S  being 
2-7  times  greater  than  the  line  V  T,  and  consequently  the  line  a  3  is  2*7  greater  than 
the  diameter  of  the  earth,  A  B.  If  the  angular  measure  of  a  b  could  be  obtained,  this 
would  thezefore  be  2*7  times  greater  than  the  earth's  apparent  diameter  as  seen  from 
the  sun,  or  to  5*4  times  the  sun's  horizontal  parallax.  This  angular  measure  can  be 
found  by  the  observers  A  and  B  taking  the  distance  of  the'  limb  or  centre  of  Venus 
from  the  sun's  limb.  The  line  a  b,  as  here  represented,  is  drawn  much  greater  than 
it  really  is,  fbr  the  resulting  diameter  of  the  earth  is  only  8}  seconds  of  arc ;  and 
consequently  the  breadth  of  this  zone  is  only  46"'4,  or  about  three-quarters  of  the 
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diameter  of  Venus  at  the  time  of  inferior  conjunction,  or  ^^  of  the  mean  diameter  of 
the  sun. 

It  is  not  only,  however,  hy  observing  micrometrically  the  distance  of  .Venus  from 
the  sun's  limb  that  the  relative  distance  ab  may  be  deduced;  it  can  likewise  be  deter- 


Fig.  12. 

mined  by  the  time  which  the  planet  remains  on  the  sun's  disc  at  the  several  stations,  or 
the  interval  elapsed  between  its  entry  at  e  and  e  to  its  disappearance  at  d  and/.  Tho 
motions  of  Venus  are  accurately  known  by  means  of  the  tables,  and  thus  the  lengtiis  of  the 
chords  c  d  and«/,  and  therefore  the  distance  a  h  also.  It  is  usual,  in  these  cases  of  the  passage 
of  the  planets  Venus  and  Mercury  over  the  sun's  disc,  to  note  the  time  when  the  limbs  of 
the  planet  and  sun  come  in  contact,  and  also,  after  the  ingress  has  occurred,  to  note  the 
time  when  they  are  last  in  contact.  The  same  must  be  done  at  its  egress.  The  times 
of  interior  contact  can  be  perceived  much  more  exactly  than  the  exterior.  If  the  transit 
is  centra],  the  duration  of  its  passage  may  extend  from  7h.  52m.  to  7h.  54m. ;  and  accord- 
ing as  it  is  more  distant  from  the  centre,  the  chord  will  be  shorter  and  the  time  in  the 
same  proportion.  In  the  passage  of  1769,  the  duration  at  Wardhus  was  6h.  29m. ;  at 
Hudson's  Bay,  6h.  22m.;  at  California,  6h.  14m.  3s. ;  and  by  Captain  Cook,  at  Tahiti,  at 
6h.  6im.  From  these  measures  the  horizontal  parallax  of  the  sun  was  calculated  b^ 
the  astronomers  of  the  time  at  8"'5693 ;  but  the  results  differ  considerably,  the  entrances 
being  8"'2  and  9"*2.  The  small  altitude  of  the  sun  in  the  northern  latitude,  and  its 
consequently  bad  definition,  made  it  difficult  to  estimate  the  exact  moment  of  entrance 
on  the  solar  disc.  Some  observers  saw  it  as  much  as  twenty  seconds  sooner  than  others, 
but  the  effect  of  this  would  only  entail  an  error  of  one-sixtieth,  or  probably  of  only 
one-half  of  that  amount,  on  the  total  parallax ;  so  that  instead  of  8"-5693,  we  should 
have  8"'640  or  8"-498.  These  calculations  have  been  performed  anew  with  the  utmost 
accuracy,  by  Professor  Encke  of  Berlin.  From  the  first  transit  of  June  5,  1761,  that 
celebrated  astronomer  has  obtained  the  value  8"'490525  comprised  between  the  limits 
of  8"'429813  and  8"'551237.  The  discussion  of  the  second  passage  of  June  3,  1769^ 
gives  8'' -5776,  not  greatly  different  from  the  above;  but,  being  made  under  more 
favourable  circumstances,  is  the  value  now  generally  adopted  by  astronomers. 
The  resulting  mean  distance  of  the  earth  from  the  sun  would,  consequently,  be^ 

•    8'^-577fi^  °^  24046-9  radii  of  the  terrestrial  equator,  which  corresponds  to  82,667,200 

miles,  of  60  to  a  degree.  To  pass  through  this  distance  light  employs  8m.  IS'lSs.,  and 
in  consequence  we  see  the  sun  20"*252  behind  its  real  position.  The  radius  of  the 
sun  at  its  mean  distance  being  960"*9,  the  real  diameters  of  the  two  bodies  will  be  in 
proportion  to  their  apparent  diameters,  or  as  8*578  to  960*9,  or  the  diameter  of  the  sns 
is  112024  times  greater  than  that  of  the  earth.  Their  volumes  being  proportionally  u 
the  cubes  of  their  radii,  it  would  follow  that  the  bulk  of  the  sun  is  1*405*845  times  that 
of  the  earth. 
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Passase  of  TeniiB  aososs  the  Sun's  Dise. — ^This  phenomenon  oan  only  take 
pUoe  St  intenrala  of  eight  yean  and  105  yearsi  and  the  two  next  times  will  occur  on 
Dec.  8,  1874y  and  Dec.  6,  1882.  Since  Venue  comes  nearly  to  the  same  point  of  the 
hesTsns  every  eight  yean,  it  may  be  expected  that  if  it  transits  over  the  sun  at  one 
giyen  epoch,  it  will  pass  oyer  it  on  the  eighth  following  year,  and  this  generally 
takes  place.  As  Venus,  however,  changes  her  latitudes  during  this  period  of  eight 
years,  it  is  impossible  that  three  can  follow  each  other  in  succession,  as  it  must  then 
pass  beyond  the  disc  of  the  sun,  which  is  only  32'  in  diameter ;  and  as  they  can  only 
take  place  when  the  plane  is  very  near  its  nodes,  it  follows  that  for  some  centuries  this 
will  occur  either  in  the  months  of  June  or  December. 

The  mass  of  the  sun  is  found  to  be  354936  times  greater  than  that  of  the  earth ; 
and,  comparing  this  with  its  volume,  we  find  that  the  latter  is  only  equal  to  one-fourth 
of  that  of  the  sun.  The  gravity  on  the  surface  of  the  sun  is  28 '36  times  greater  than 
that  on  the  surface  of  the  earth,  or  a  body  which  weighs  one  pound  on  the  surface  of 
our  planet,  weighs  twenty-eight  one-third  pounds  on  the  surface  of  the  sun,  and  con- 
sequently a  body  will  fall  with  twenty-eight  one-third  times  the  velocity  during  the 
fint  second  of  time. 

Fonn  of  Sun's  Diso.— In  measuring  the  disc  of  the  sun  with  the  heliometer,  or 
any  graduated  instrument,  it  is  necessary  to  take  precautions  that  it  is  favourably 
situated,  and  not  too  near  the  horizon,  where  the  refraction  has  a  very  sensible  effect 
in  elevating  the  lower  part  of  the  disc  in  a  greater  degree  than  the  upper.  When  the 
sun  is  45**  above  the  horizon,  the  difference  between  the  vertical  and  horizontal 
diameten  only  amounts  to  1" ;  but  when  it  touches  the  horizon,  the  vertical  diameter 
is  one-sixth  part  of  the  whole  diameter  less  than  the  horizontal.    The  figiire  which  the 


||.  ^  r  f  x^ 


Fig.  13.  Fig.  14. 


son  takes  under  those  circumstances  will  be  seen  by  Figs.  13  and  14,  which  have  been 
constructed  with  exact  proportions.  The  refraction  causes  the  sun  when  really  at  S 
to  appear  at  S',  with  its  apparent  lower  limb  touching  the  horizon.  This  is  the  usual 
effect  of  refraction,  but  at  the  horizon  many  irregular  local  causes  tend  to  produce 
changes,  and  it  is  generally  found  to  be  serrated,  and  with  a  continual  whirling  motion, 
due  to  the  irregular  motions  of  the  atmosphere.  It  appears  strange  that  the  discs  of 
the  sun  and  moon,  which,  if  anything,  are  smaller  under  those  circumstances  than 
when  at  a  great  altitude,  are  commonly  remarked  to  be  larger  at  the  horizon  than 
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;  elsewhere.    The  ancient  astronomen  sought  to  explain  this  optical  illuMoa^  bf  the 

effect  which  Hhe  atmosphere  had  upon  the  luminoas  rays  of  the  snn.    It  it,  at  tiie  pnt^ 

;  sent  thne,  move  natnrallj  attributed  to  the  effect  which  a  comparison  witii.  the  YStif&m 

'  objects  seen  at  the  horizon  produces ;  and,  as  we  suppose  the  san  to  be  lemoymt'  «i 

immense  distance  beyond  those  bodies,  its  diameter  appears  g:reater  than  it  zcallpf  is. 

:  A  similar  effect  takes  place  when  the  apparent  areas  of  the  constellations  are  compaiMl 

I  at  the  zenith  and  the  horizon ;  in  the  latter  position,  they  appear  oonaiderably  SMun 

extensive  than  they  really  are.    It  is,  probably,  due  to  a  similar  cause,  that  if  we 

attempt  to  measure  an  altitude  of  45°  from  the  horizon,  or  the  point  half  way  betwe« 

the  zenith  and  horizon,  it  frequently  happens  that  when  we  come  to  measure  it  with'sn- 

instrument,  that  which  we  consider  to  be  the  central  point  is  situated  some  degrees 

nearer  to  the  horizon  than  it  really  is. 

"Oreleseoplo  Appeanmoe  ci  the  Sun. — An  observer,  viewing  the  sun's  surftce 
with  an  instrument  of  moderate  power,  would  probably  not  perceive  any  marked  diAr- 
enee  of  light  and  shade  over  its  general  surface ;  but  with  higher  powers,  and  a  better 
telescope,  a  steady  mottled  appearance  would  become  apparent,  dark  and  light  specks 
being  softly  intermingled,  but  not  strikingly  apparent  when  seen  for  the  first  time,  «r 
under  unfavourable  circumstances.  Whilst  the  ground  is  not  unifovmly  bri|^  there 
are  very  frequent  portions  which  are  decidedly  brighter  than  the  general  sniibeey  a»d 
otiiers,  which  are  much  more  remarkably  darker,  being  as  dark  andUadk  aa-t^sop- 
rounding  heavens,  when  viewed  with  the  coloured  glasses  made  use  of.  It  is  by  meaos 
of  these  fleeting  macula  and  faeula,  as  they  have  been  called,  that  nearly  all  our  knoiv4fedgs 
of  tlie  solar  nature,  its  rotation,  and  the  position  of  its  axis,  as  well  as  the stmctnreef ilr 
Imid  and  changeable  atmosphere,  is  derived.  These  spots  have  constantly  been  per- 
ceived ever  since  the  discovery  of  the  telescope,  and  there  is  little  doubt  but  that,  they 
were  frequently  seen  before  that  time  with  the  unaided  eye,  as  they  have  occarionally 
been  seen  since.  They  sometimes  cover  large  portions  of  the  sun's  surface,  and  are 
strikingly  apparent  from  the  contrast  they  afford  with  the  bright  surface  surrounding 
them. 

By  whom  these  spots  were  first  seen  after  the  invention  of  the  telescope,  is  a  matter 
which  has  found  its  way  into  the  debateable  land  of  scientific  history.  It  would  be 
most  natural  to  suppose  that  Galileo,  who  had  first  scanned  the  heavens  with  the  optie 
tube  of  his  invention,  and  who  was  so  capable  of  distinguishing  every  phenomepoo 
which  was  apparent,  would  have  been  the  first  to  notice  these  irregular  appearanen, 
but  the  first  publication  of  them  is  due  to  Fabricius,  who  perceived  them  early  in  the 
year  1611,  and  his  work,  published  in  the  same  year,  has  a  dedication  bearing  date  Jmie 
13,  1611.  In  so  far,  however,  as  the  mere  observation  of  the  spots  is  taken  into 
account,  they  were  seen  by  our  countryman,  Harriot,  some  time  previous  to  any 
date  fixed  upon  by  the  regular  claimants  to  the  discovery.  Gallileo  appears  to  have 
seen  them  in  April  or  May,  1611.  Scheiner  informs  us  that  he  perceived  them  during 
the  same  months,  but  he  did  not  take  them  into  consideration  before  the  October  of  tfait; 
year. 

In  the  annals  of  China  it  would  appear  that  a  large  spot  was  visible  on  the  noi  iir 
the  year  321  of  our  era.  In  the  year  807,  a  large  spot  was  visible  on  ike  ion  lor  Ibi 
space  of  eight  days,  which  was  supposed  by  many  to  be  a  passage  of  Mercury 
sun's  disc,  but  the  length  of  time  during  which  it  remained  visible  is,  of  ooufM^ 
incompatible  with  such  a  supposition.  Large  spots  which  were  seen  by 
Soaliger,  and  Kepler,  were  likewise  supposed  to  be  passages  of  this  planet;  bot-wtei^ 


SPOTS  ON  THE  SUM'S  DTBC.  227 


itrisvomembered  that  a  spot  of  the  dimensions  of  Venus,  with  a  diameter  of  five  times 
tint  of  Menmiy,  ooald  not  be  detected  on  the  sun's  diso,  we  may  be  quite  certain  of 
iiisir  natnrsL  Since  that  period  they  have  been  frequently  seen  with  the  naked  eyow 
It  was,  howeveri  from  telescopic  observation  of  these  spots,  that  the  fact  of  the  rotation 
of  the  son  on  its  axis  was  made  apparent,  and  Fabricius  was  the  first  who  surmised 
that  they  adhered  to  the  sun,  judging  from  their  slow  motion  when  they  arrived  at 
the  edges  of  that  lominazy.  ^Diis  rotation,  and  its  duration,  were  sabsequently  con- 
firmed by  GalilMu  Tite  inclinstiim.  of  the  solar  equator  to  the  plane  of  the  eoUptic 
was  determined  IJif-BBfieiner-tD  be  seven  degrees. 

It  has  been  renuBited*  thai  the  q^ts  are  confined  to  a  oertaiif  effiatontl  aone,  and 
that  they  rarely,  if  sA  all,  extend  beyond  it.  Their  disposition  in-  tiib-  xeqieot  may  be 
seen  from  the  acoompenying  diagram.  By  Galileo  they  were  seen  as-  far  as  29  degrees 
of  latitude  north  and  south,  but  Schcincr  extended  this 
to  a  zone  of  60  degrees  in  breadth,  called  by  him  the 
royo/  zone.  They  have  frequently  been  seen,  however, 
0TCB  beyond  this  Umit,  Mossier  having  seen  one  of  31  i 
degrees,. and  Mechain  one  of  40^  degrees  of  north  lati- 
tude, whilst  another  observer  has  detected  one  of  60 
degreoe  of  latitude.  This,  however,  may  have  been  one 
oCthe  darii  poretf  as  Hersohel  calls  them,  with  which 
the  wiude  surface  of  the  sun  is  dotted,  which  tends  to 
pBodnoe  that  mottled  appearance  which  he  compared  to 
the  sidn  of  an  orange.  The  rarity  of  the  spots  seen 
beyond  30  degrees  of  latitude  tend  to  confirm  the  limited  Fig.  15. 

naiiiieiof  the  equatorial  zone,  which  the  multitude  of  spots  constantly  seen  on  tiuL-  am 
lenders  more  remarkable.  It  was  surmised  by  Cassini  that  more  spots  were  sesB  in 
the  southern  than  in  the  northern  hemisphere  of  the  sun;  but  there  does  nolLSfipeKr 
to  be  any  fSonndation  for  this,  as  they  arc  generally  equally  dispoeed  on  eaidi  aide  of 
the  equator. 

In  the  large  dark  spots,  or  macula j  properly  so-eaUed,.it  has  constantly  been  no- 
ticed that  the  very  dark  central  portion,  termed  the  nucleus,  is  fringed^and  surrounded 
on  all  aides  with  a  shade  of  less  intensit||ft  (jEUg.  L6),  known  bythe  name  of  the 
penumbra  (penc-umbra),  and  whioh  is  naady  of  the  same  degree  of  darkness 
throu^out  Herschel  found  that  even  the  largest  of  these  spots  com- 
menced with  one  of  theae  minute  dark  points,  or  pores,  in  the  bright  surface 
of  the  sun,  which  became  laiigprand  larger  by  degrees.  When  two  spots 
^-  ^  were  within  a  short  distance  of  eiush  other,  they  appeared  to  have  a  tendency 
to  mite^  and  continued  to  expand  until  the  moment  of  reunion.  'When  the  nucleus  of 
a  spot  was  going  to  disappear,  it  was  noticed  by  Scheincr  that  the  penumbra  en- 
etoaohed  gradually,  but  irregularly,  upon  it,  so  that  the  nucleus  vanished  before  the 
penumbvB.  In  modem  times,  and  wdttb bettor  instruments,  this  breaking  up  of  a  spot 
in  the  manner  here  specified  has  been  Eopeatedly  noticed ;  the  interior  edge  of  the 
pemmifara  beoomes  ragged  and  irregular,  the  nucleus  breaking  up  irregularly,  and  sepa- 
itling  into  many  distinct  nuclei,  and  presenting  the  appearance  as  if  the  luminous 
matter  o£  the  sun  flowed  in  upon  the  dark  spot.  The  exterior  edges  of  the  penumbra, 
Mthffngh-  taking  all  shapes,  are  most  frequently  rounded  ofE,  and  seldom  appear  with 
duop^pfljeetittgfpremontoriesi  This,  however,  is  not  always  the  case,  as  was  believed 
by  flehefaMTy  sinoe  Serschel  on  one  or   two  occasions    perceived  some  prominent 
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branches  in  the  nueleui,  which  were  equally  apparent  in  the  penumbra.  Whilst 
ebiorTing  it  ynth.  hia  lunial  attention,  he  percGived  six  branches  Euddenly  appear 
InBtfiaci  of  the  two  at  first  obaeryed,  whilst  a  corresponding  change  tcKik  place  in  the 


Fig.  n. 


Fig,  18. 


penumbra*  The  same  cause,  therefore,  may  be  regarded  as  having  affected  both 
equally.  In  regard  to  the  proportional  dimensions  of  nucleus,  and  ponumbrai  it  is 
geBerally  noticed  that  the  latter  m  about  three  tim<;s  Iho  breadth  of  the  former.  It 
sometimea,  though  very  rarely,  bappGnB,  that  evtin  large  nuclii  are  unaccompanici 
with  any  penumbrHy  and  thU  was  r  on  firmed  by  Ilerecbel  on  one  or  two  occoaiona*    A 

largo  path  of  penumbm 
was,  on  aiLOther  oeca&ioti, 
perceived  by  him  without 
any  micleus.  It  is  but 
rarely  that  theae  pbeno* 
mona  take  place  in  large 
spots  'j  the  smaller  onet^ 
on  the  contrary,  Hpldom 
have  any  penumbra  about 

f'^  ^^^^^^^^^^.       '^  them.      OccaaionaUyf  the 

^^^^^^^BiV    ^^k!-    \  ^^°^  covers  su^h  a  large 

^wB^^^^P^^^^&O^tf''^-' ^  spaee  on  the   surface  of 

virtue  of  the  rotation,  it 
cornea  near  tho  odgeiij  and 
is  about  to  disappear  be- 
hind the  disc,  it  formi  a 
dark  notch  on  its  limb. 
Xhifi  was  seen  in  1703, 
I7lf>,  1800,  and  ISiS,  It 
has  been  determiiied  by 
Heracbe],,  in  respect  to 
the  relative  brightne^ 
of  the  nucleus  and  pe- 
numbra, that  the  former  may  he  estimated  at  7,  oud  tho  latter  at  469  ;  the  intensitf 
of  the  solar  light  bring  1000.  Many  observers  have  noticed  that  the  interior  edge  of 
the  penumbra r  or  that  immediately  contiguous  to  tho  nuclousj  is  Eometimes  fainter  tbia 
the  exterior  portion.      At  times,  this  is  ao  apparent  that  the  nucleua  appem^  quitt 
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detaofaed  firom  the  penumbrt,  which  has  the  appearance  of  a  separate  armulus.  In 
many  regularly  round  spots,  the  penumbra  has  been  noticed  to  take  a  decidedly  radi- 
ating appearance,  like  the  iris  of  the  eye,  and  the  nucleus  itself  observed  to  be  riddled 
with  minute  pores,  presenting  the  appearance  of  wire  gauze.  Mr.  Dawes  has  made  still 
farther  obseryations  on  the  telescopic  appearance  of  the  spots,  and  by  means  of  eye 
pieces,  haying  a  very  small  field  of  view,  by  which  he  gets  rid  of  the  surrounding 
glare  of  the  sun's  light,  ho  has  detected  within  the  part  generally  called  the  nucleus  a 
smaller  spot,  which  may  be  considered  as  the  nucleus  proper.  From  his  observations 
it  would  appear  as  if  what  has  been  termed'  the  nucleus  and  penumbra  had  a  rotatory 
motion  around  the  nucleus  proper. 

Figs.  17,  18,  19,  are  representations  of  spots  really  seen  on  the  sun's  disc,  and  it  will 
be  perceived  under  what  irregular  forms  they  appear.  The  long  train  of  spots  represent 
it  as  much  broken  up,  with  the  nuclei  and  penumbra  intermingled,  and  it  is  in  this 
manner  they  are  noticed  when  about  to  disappear.  In  Fig.  17,  a  bright  streak  of  the 
•nrfoce  of  the  sun  is  perceived  in  the  central  part  The  spots  are  very  capricious  in 
their  appearance,  being  sometimes  very  plentiful,  and  at  other  times  the  disc  of  the  sun 
is  entirely  firee  from  the  slightest  trace.  Schroeter  has  recorded  81  separate  spots  per- 
ceived on  the  sun's  disc  at  the  same  moment  For  many  years  together  no  spot  of 
any  considerable  size  has  been  seen.  Their  dimensions,  as  already  noticed,  are 
frequently  very  considerable ;  and  Schroeter  saw  one  whose  superficial  extent  was 
sixteen  times  greater  than  that  of  the  earth.  It  does  not  appear  that  the  great  number 
or  dxe  of  the  spots  have  at  any  time  been  remarked  to  produce  any  degree  of  cold  on 
the  earth;  for  numerous  and  large  as  they  seem  to  be,  they  bear  but  a  small  proportion 
to  the  total  extent  of  the  surface  of  the  sun.  The  contrary  opinion  is  much  more 
generally  regarded  as  true,  and  seems  more  accordant  with  the  observed  facts — ^viz., 
that  the  warmest  seasons  are  those  in  which  the  sun  is  most  plentifully  covered  with  spots. 

The  bright  spots  which  appear  on  the  solar  surface  either  occur  under  the  forms  of 
kng  irregular  veins,  or  minute  specks,  and  are  both  perceptibly  brighter  than  the  general 
Bor&ce  of  the  sun ;  the  former  being  known  as/acMto,  and  the  latter  as  the  lucidi.  The 
heulif  like  the  portSf  are  situated  at  all  parts  of  the  sun's  disc,  and  assist  in  giving  it 
that  mottled  appearance  which  it  has.  The  faculoe  are  mostly  confined  to  a  zone  of  60° 
in  breadth,  in  which  the  spots  make  their  appearance,  and  generally  accompany  the 
latter  as  invariably  as  the  surrounding  penumbra.  The  faculoB  are  only  visible  at  the 
edges  of  the  sun,  as,  when  they  are  carried  by  the  rotation  of  the  sun  to  the  centre, 
they  are  seldom,  if  ever,  visible.  When  the  faculae  appear  in  great  numbers  and 
brightness  on  the  limb  of  the  sun,  they  are  certain  forerunners  of  laige  spots,  which  are 
almost  sure  to  make  their  appearance  in  a  few  days  afterwards.  Gassini  states  that 
&cul8B  ordinarily  show  themselves  in  those  places  where  spots  have  previously  appeared, 
and  that  they  have  subsequently  again  become  spots.  Darham  noticed  a  similar 
appearance,  and,  on  one  occasion,  relates  that  he  perceived  changes  in  the  spots  with  his 
eye  at  the  telescope — a  black  spot  appearing  and  disappearing  successively  in  the  centre 
of  a  brilliant  facule.  Herschel  has  likewise  perceived  extraordinary  rapid  changes 
with  elongated  fsusule ;  although  Scheiner  did  not  give  credit  to  the  existence  of  the 
fimUm  or  kseuU,  or  anything  on  the  sun  brighter  than  its  surface,  yet  they  were 
detected  with  much  less  powerful  instruments  than  he  possessed  by  earlier  observers. 
Galileo  first  remarked  the  existence  of  ihefacula^  and  Scheiner  that  of  the  Iticulu 

Vlijsical  Conatitntion  of  the  8nn. — Until  comparatively  recent  times,  those 
spots  were  held  to  be  the  dark  smoke  or  vapour  which  floated  over  the  solar  surface. 
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ftUhmigh  this  did  not  explain  the  penumbra,  or  the  shape  which  it  takes  when,  seen  at 
diftrent  parts  of  the  disc,  when  the  penumbra  surrounds  a  spot  pretty  eqaaUy  at  all 
sides  near  the  centre  of  the  sun,  as  at  Fig.  20 ;  when  it  passes  to  the  margin  and  is 
rteelTed  obliquely,  the  portion  most  distant  would  appear  the  narrowest.  This,  how- 
ever, is  directly  contrary  to  obsenration,  as  it  has  been  noticed  that  the  nucleua  and 
penumbra,  when  seen  at  the  edge  of  the  sun,  appear  as  at  Fig.  21,  the  part  of  tiie 
penumbra  most  distant  ttcim  the  sun's  limb  disappearing  entirely,  whilst  the  <^poaile 
side  is  only  slightly  diminished  in  breadth.    Taking  these  £acts  into  consideration,  Br. 

Wilson  became  convinced  that  the  nu^ens 
was  in  reality  a  deep  hollow  in  the  sur&ee  of 
the  sun,  and  that  the  penumbra  was  the  shelv- 
ing sides  surrounding  it  If  such  a  hollow 
as  this  be  received  obliquely,  it  isevideilt 
that  it  will  appear  as  in  Figure  20.  Dr. 
^l9*  20.  Herschel  confirmed  this  theory  in  many  xe- 

spoets ;  but,  instead  of  holding  the  opinion  that  they  were  indentations  on  the  sur&ee, 
he  considered,  rather,  that  they  were  openings  in  the  luminous  atmosphere  of  the-  sun. 
The  sun  itself  he  considered  to  be  a  dark  body  surrounded  by  two  envelopes,  the  inteiier 
one- being  formed  of  very  luminous  clouds  and  very  bright,  whilst  the  one  lying  betwetn 
the  photosphere  and  the  body  of  the  sun,  is  formed  of  clouds,  very  little,  if 'at  all 
luminous. 

If  we  suppose  an  opening  is  formed  in  these  envelopes,  by  a  gas  ascending  from  the 
hotly  of  the  sun,  and  driving  the  atmosphere  away,  the  opening  at  the  centre^of  fte 
mn  (Fig.  21),  or  to  an  observer  at  A,  the  nudeiis  will  appear  of  the  breadth  «a^,  anr- 
raunded  equally  on  all  sides 
by  a  penumbra,  whoso 
breadth  is  &  b\  If,  how- 
ertr,  the  observer  is  at  B, 
he  views  the  spot  obliquely, 
the  sides  of  the  two  open- 
ings, •  and  by  will  ooinoide, 
and  will  lie  in  the  same 
direction.  On 
•ides,  ho^-ever, 
they  will  still 

rent.  If  the  gas  drives 
«way  the  olouds  uf  the  two 
atmospheres,  they  will,  of 
eounK',aooumulato  about  the 
opening,  and  this  may  ao« 


in  the  same'  ^   y  j 

i  the  opposite  yy        y^ 

\  at «'  and  *',  y"  y^      jf  ^'^"  ■'^' 

be  fully  appa-  -/^/^     y 


i  k 
Fig.  21. 
count  fl>r  the  iVioulie  whidi  are  to  be  perceived  about  the  nucleus  and  poiumikra.  In 
regard  to  the  luuuli  or  points  of  light  whidi  cover  the  surfisoe  of  the  sun,  they  may.be 
due  to  the  roughnees  whieh  would  result  fVom  such  a  cloudy  and  irregular  asaaa  asi  the 
photv>sphere  is  imagined  to  be.  An  observation  which  tends  to  prove  the  UBstaUa- Ad 
cloudy  nature  of  the  outer  envelope  is,  that  they  shift  their  positions  from  day  to  diy; 
and  it  is  very  diflicult  to  determine  the  exact  period  of  rotation  of  the  sun- from  thflw 
eheervations»  si^me  showing  much  longer  perio«ls  than  others. 

Fr\un  olvirrmtkns  on  a  great  number  of  spots,  2f .  Langier,  of  the  Park  Ohaewa- 
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fcofgr,  has  recently  detoniuntd  tl&e  •zaut  period  of  rotation  to  bo  25*84  days.    Since, 

hoirevar,  the  earth  it  moving  around  the  aun  during  this 

lingbarvalf^ve  nuat  wait  nearly  two  days  longer  before  we 

penMure  the  spot  again  at  the  oontre  of  the  sun.    To 

ei^lain  this  (Fig,  22)  :  If  T  be  the  earth,  S  the  sun,  and  a 

the  spot  as  seen  in  its  centre,  whilst  the  spot  appears 

iO'wmkB  a  complete  ravoltttion,  and  to  arrive  sgain  at  the 

oantra^  the  aun  psssea  from  0  to  8' ;  and  when  it  arrives 

at  8*,  Ihe  spot  appeals  at  if.    If  the  sun  had  made  exactly 

one  levoltttion  oa  its  axis  in  the  direction  of  the  arrow, 

ike  radina  8  a  would  have  taken  the  position  S  b  parallel 

io  ita  .Ant  poaition.    When  it  arrives  in  a',  it  must  there- 

■Care  have  made  more  than  one  revolution  by  the  angle 

•C  S'  aT.    To  pass  through  360"  plus  the  angle  C  S'  a\  it  requires  27*3  days ;  whilst  to 

mdke  a  rotation  on  its  own  axis  it  only  requires  25*34  days. 

Am  tiie  solar  equator  is  ineliaed  7^  9'  12''  to  the  ecliptic  (according  to  M.  Langier's 

ifiitigationa),  the  path  which -the  spots  appear  to  describe  on  the  sun  will  vary  at  the 

different  seasons  of  the  year,  the  concavity  being 
sometimes  turned  towards  the  north,  and  at  other 
times  to  the  south.  In  the  beginning  of  December, 
the  spots  will  appear  to  describe  straight  lines  with 
reference  to  the  ecliptic  e  0,  the  lines  being  inclined 
to  it  by  an  angle  of  7*  (Fig.  23).  From  the  Ist  of 
December  to  the  1st  of  June,  they  described  curved 


Fig.  22. 


north. 


North. 


South. 


Fiff.23. 


South. 


South. 


South. 


liHi^  tfa«  «oii;veauty  being  turned  to  the  north.  (Fig.  24).     At  the  commencement  of 
JaM  ihey -again  describe  straight  lines,  but  in  ^cnrth.  North. 

A  awUaiy  dseotion  to  the  1st  of  December. 
9nm  June  to  December  they  describe  curved 
liaea,  with  the  concavity  turned  to  the  north. 

"K^fllf  r'  »-ajw*  — T^  ^  evenings  of 
ttsich  and  April,  a  cone  of  faint  light  is  occa- 
sionally seen  immediately  after  twilight  in  the  Fig.  24. 
ncftem  hofiaon,  pointing  in  the  direction,  and  sometimes  reachiag  to  the  Pleiades, 
from  the  quaorter  in  which  the  snn  sets,  and  nearly  along  the  ecliptic.  The  breadth  at 
the  base  is  from  20"  to  30°,  and  its  height  occasionally 
fifty  degrees.  This  is  known  as  the  Zodiacal  Lighty  a 
name  which  was  given  to  it  by  Gassini.  It  is  very 
transparent,  since  the  faintest  stars  can  be  perceived 
through  it,  equally  as  well  as  any  other  portion  of  the 
sky,  although  the  glare  of  iU  bright  light  tends  to  extin- 
guish very  faint  objects.  Its  nature  is  altogether  un- 
known. It  was  formerly  considered  to  be  the  atmosphere  of 
the  sun,  but  it  has  been  proved  by  Laplace  that  this  could 
not  extend  to  such  a  distance,  as  the  zodiacal  light  has 
Ima  obaarrcd  to  pass.  An  atmosphere  to  the  sun  oould  only  extend  to  such  a  distaneo 
-» the  orbit  of  a. planet  could  bo  situated,  whose  period  of  revolution  would  be  equal 
to  tkatiof  the  sun  on  its  axis,  or  26  days,  which  would  bo  placed  considerably  within 
the  t>rbit  of  Jfartury.    Neither  would  the  £orm  of  such  an  atj^nosphere  agree  with 
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that  observed  with  zodiacal  light,  as  the  equatorial  and  polar  axes  could  not  be 
beyond  the  ratio  of  three  to  two.  Its  appearance  in  the  heavens  may,  however,  be 
explained  in  this  manner,  although  the  cause  is  unknown ;  and  it  would  seem  as  if  a 

lenticular  envelope  surrounded  the  sun, 
as  a  portion  of  which  we  see  above  the 
horizon  (Fig.  26). 

On  the  Seasons.— If  we  admit  the 
annual  revolution  of  the  earth  around 
the  sun,  its  diurnal  rotation  on  its  axis, 
and  the  inclination  of  this  axis  to  the 
ecliptic,  we  can  readily  account  for  the 
seasons,  and  the  derivation  of  day  and 
night  The  annual  revolution  of  the 
earth  in  its  orbit  is  forced  upon  us  by 
its  extreme  simplicity ;  we  cannot  ima- 
gine that  the  sun  would  revolve  around 
a  body  1,400,000  times  smaller,  as  the 
earth  is.  We  thus  rank  the  earth  as  a 
planet,  obeying  all  the  laws  of  the  other 
I^anets,  describing  an  elliptic  orint 
around  the  sun  in  the  same  manner  as 
Mercury,  Yenus,  Mars,  &c.  Anodier 
proof  of  the  revolution  of  the  earth 
around  the  sun  is  by  the  well-known 
existence  of  a  phenomenon^  tenned 
the  ^Abenatioa  of  Xig^t,^  ariaiBg 
from  the  vdodty  of  li|^t  emanating 
from  a  star,  eomhined  with  tiie  <»biial 
motioiis  of  the  earth.  The  amount  of 
this  angnlar  displaeement  has  beende- 
tmtuned  with  great  accuracy  by  astro- 
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The  annexed  diagram  (Fig.  26)  will 

ehKidate  the  phenomena  of  the  seasons. 

Let  S  be  the  sun;  T,  T,  T",  dbc,  the 

dUferait  positions  of  the  earth  in  its 

oibit ;  P  Q  its  axis  of  rotation  invan- 

ablr  parallel  to  itself;  T  A  the  line  of 

the  eqttifiox«4 :  then  at  tiie  vernal  and 

aatttsmsl  li^uicoxes  the  sun  is  in  the 

f«rth*s  equator,  and  the  days  and  ni^its 

sie  of  «quat  length,  the  sun  illuminating 

at  once  oQe>hslf  of  the  convex  hemis- 

ph<t«.    IHiett  the  sun  is  at  the  winter 

tslilk^k  the  scmth  polecif  the  Mytth  » taiTMii  u^waris  the  son.  sad  the  equator  is  above 

hM (4it^ hy  an  aafW of  2$*ir.    In  vmut  IsiiniJk^  the  coU  wwtken hesuqphen, tiie 

JHrhls  ar^  kesi:^  iKaa  the  ^Nyik    At  ^  MOMMrstMsdctw  «be  mkA  pole  is  tuned 

h^wmniit  dbi^  mh,  iihkll  »  aW^  ^  ^V'^^Im  Vv  te  crfotcat  ndBstioB.      In  this 
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latitade  the  dayi  aro  longer  than  the  n'ghts.  By  an  attentive  examination  of  the 
figure,  it  will  be  seen  that  contrary  appearances  will  take  place  in  the  southern 
hemisphere.  ThuSi  if  we  consider  the  earth  in  its  diurnal  rotation  at  the  summer 
•olsticey  the  south  pole  will  be  constantly  in  darkness.  At  the  vernal  and  autumnal 
equinoxes,  the  sim  will  shine  on  both  poles  of  the  earth. 

Had  the  equator  coincided  with  the  ecliptic,  the  days  and  nights  would  be  always 
equal,  and  had  the  inclination  of  the  ecliptic  to  the  equator  been  greater  than  at 
present,  there  would  have  been  a  corresponding  difference  in  the  seasons.  Providence 
has  wisely  ordained  that  this  inclination  cannot  exceed  certain  limits ;  the  seasons  will 
not,  on  this  account,  be  sensibly  different  in  occurrence  and  temperature. 

Tbe  Iteth's  Equator.— In  all  the  preceding  investigations  we  have  supposed 
fhe  pole  of  the  earth's  equator  to  remain  fixed,  but  this  is  not  the  case  ;  and,  although 
it  retains  the  same  inclination  to  the  ecliptic,  it  describes  in  the  course  of  a  lapse  of 
years  a  complete  revolution  around  the  pole  of  the  ecliptic.  A  very  simple  experiment 
will  shew,  in  the  spinning  top,  that  a  motion  of  rotation  around  an  axis  may  exist, 
without  at  the  same  time  affecting  its  inclination, 
the  axis  of  which  will  describe  any  figure.  This 
phenomenon  is  termed  the  "precession  of  the  equi- 
noxes," and  was  discovered  by  Hipparchus,  the 
astronomer,  to  whom  we  are  indebted  for  one  of 
oar  most  ancient  catalogues  of  stars.  He  found, 
by  comparing  the  longitudes  of  his  catalogue  with 
^ose  of  some  ancient  catalogues,  that  whilst  the 
latitudefl  of  the  stars  were  not  changed,  their  longi- 
tudes were  increased  in  the  proportion,  as  he  con- 
ddered,  of  1**  in  72  years.  The  physical  cause  of 
the  precession  of  the  equinoxes  was  partially  ex- 
plained by  Sir  Isaac  Newton,  and  afterwards  more  fully  by  the  celebrated  D'Alambert, 
and  by  La  Place,  in  his  MecJuinique  Celeste^  on  the  theory  of  gravitation  being  produced 
by  the  effect  of  the  attraction  of  the  sun  and  moon  on  the  excess  of  matter  at  the  earth's 
equator,  which  produces  a  slow  angular  motion  at  the  plane  of  the  equator  in  a  con- 
trary direction  to  the  earth's  rotation. 

PseceiMion  of  the  Equinoxes. — This  motion,  though  slow,  being  always  in  the 
same  direction,  and  therefore  continually  accumulating,  was,  as  we  have  seen,  early 
remarked,  and  was  one  of  the  celestial  appearances  Uiat  suggested  the  idea  of  the 
Annus  Magntu,  or  great  astronomical  period  by  which  so  many  days  and  years  arc 
dreumscribed.  As  it  affects  the  whole  heavens,  and  as  the  changes  produced  are 
spread  over  a  vast  extent  of  years,  it  has  proved  a  valuable  guide  amid  the  darkness  of 
antiquity,  and  has  enabled  the  astronomer  to  steer  his  course  with  tolerable  certainty, 
and  here  and  there  to  discover  a  truth  in  the  midst  of  the  traditions  and  fables  of  the 
heroic  ages.  The  accurate  analysis  of  the  complicated  effect  thus  produced  was  a  work 
that  surpassed  the  power  either  of  geometry  or  mechanics  at  the  time  when  Newton 
wrote.  His  investigation  accordingly  was  founded  on  the  assumption  that,  though  not 
destitute  of  probability,  it  could  not  be  shewn  to  be  perfectly  conformable  to  truth ; 
and  it  eren  involved  a  mechanical  principle  which  was  taken  up  without  due  conside- 
ration. The  first  who  solved  this  difficult  problem  was  D' Alembert  He  employed  the 
principle  of  the  equilibrium  among  the  forces  destroyed,  when  any  cliasi%<&  Q»ii&fik^Q'<Q^ 
is  produced,  and  by  means  of  the  equation  this  proportion.  furmfiYied,  ^\«  ^««\.ifi»!CE^&- 
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Mtlicinn  WM  enabled  to  proceed  with  *  lolmun  tfa^t  has  aerer  hecn 
wumotiisj  or  depth  <^  reaaoning:  T^aplaiy  proceeded  on  a  more  genefal  pcinciplc^  aad 
with  broader  eonelaaione.  fie  haa  tho  am  that  the  phmnmena  of  the  prcccaaioB  and 
aatatioo  ouiat  be  the  Mne;  that,  whaterer  may  be  theirrcgulaiitjof  the  depth  or  cnr- 
rents  tA  the  sea^  that  nothing  cam.  effect  an  alteration  in  the  earth'a  rotation  on  ita  azk. 
Whererer  the  son  in  hie  apparent  annnal  courae  croaua  the  equinoctial  in  ^ring^ 
thara  la  the  Temal  equinox ;  and  whereyer  he  croeaea  it  inaotomn,  there  iathe  antmnwl 
e^piiaoac  The  tvo  pointa  of  intenection  are  not,  ho verer,  the  lame  year  aftar  year, 
bat  are  aubjeet  to  a  ilow  annual  displacement  veatward,  lo  that  the  aim  doca  not  enMB 
the  eqainoctial,  spring  and  aatomn,  exactly  in  the  aame  pointa,  but  erery  year  a  Utde 
behind  thoie  of  the  preceding  year.  This  effect  is  termed  the  preceanon  of  the equiaoiei^ 
becanae  it  accelerates  their  time,  though  it  is  really  their  retroceaaion.  It  amoonti  to 
about  bti\'  in  a  year,  or  to  l""  in  70^  years,  to  30%  or  a  whole  sign,  in  2140  yean;  » 
that  in  aomewhat  more  than  25,000  years,  the  equinoctial  points  will  complete  a.xaTD- 
Intion  westward  along  the  ecliptic,  and  return  to  the  same  position. 

One  obrioiis  effect  of  the  falling  back  of  the  equinoctial  points,  is  a  progreaaiTa  In- 
crease of  longitude  in  all  the  heavenly  bodies.  Hence  those  staza  which  in  the  time  .of 
Hipparchus  were  in  conjunction  with  the  sun  when  he  was  in  the  equinox,  are  nowjSO?, 
or  a  whole  sign,  eastward  of  it ;  and  the  constellations  and  sigoa  of  the  zodiac  no  loQgffr 
correapond,  as  may  be  seen  by  reference  to  a  celestial  globe. 

The  annual  precession  of  the  equinoxes,  apparently  a  change  in  the  aun'a  painiB 
across  the  equinoctial,  is  really  a  change  in  the  point  of  the  earth's  orbit  at  which  ill 
two  hemisphere's  are  equally  exposed  to  the  sun.  The  cause  of  this  remained  unknovn 
till  the  age  of  Newton,  who  showed  that  it  resulted  from  the  form  of  the  earth,  and  the 
unequal  attraction  of  the  sun  and  moon  on  the  unequal  masses  of  matter  at  the  equator 
and  the  poles,  producing  a  bIow  reeling  motion  of  the  earth's  axis  from  eaat  to  WMt) : 
and  the  recession  westward  of  the  equinoctial  points.  Fig.  28  illustrates  its  effect  \ 
Let  S  bo  the  sun,  T  K  the  pole  of  the  ecliptic,  T  P  the  pole  of  the  earth  revolnng 

around  T  K,  in  ' 

the  direction  ef 
the  arrow.  In 
the  space  of  one 
yoar,  the  rarolu- 
tion  will  change 
from  T  P,  to  T|», 
in  the  second 
year  to  T  p\  and 
so  on.  Let  £  .£ 
be  the  earth's 
equator,  then, 
when  the  pole  of 
the  earth  mores 
.from.TP,toTp^ 
the  line  of   the 

oquinoxcs,  or  the  intcrsootion  of  tlie  ecliptic  and  equator,  will  move  from  T  At  to 
X  •»  and  so  on,  turning  slowly  around  the  centre  of  the  earth.  It  is  evident  that  this 
.progrossive  chango  of  tho  direction  of  the  poles  of  the  earth  will  haye=  a  correapondiDg 
iuBuence  on  tho  planes  of  the  fixed  stars,  and  on  the  eommcncementa  of  the 
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.Thai,  ipriiig  oooBfflieDOM  when  the  line  of  equinoset  ie  in  T'  A.    The  luooeeding 

would  ihaTe  the  eeme  oommenoemeiit,  but,  in  the  meantime,  the  line  of  nodes  fan 
jBOTed  toXti  A, ;  in  thofollowing  year  will  have  moved  to  T,',  AsS—all  paaaing  through 

tha  nn  .8.     But  ae  tlM  direction  of  the  arrow 
.ihowm  diseotmotioni,  it  ia  eaaily  to  be  teen  that 

the  interseotiona  precede  at  every  year — ^for  this 

-laann  this  phenomenon  is  termed,  aa  we  have 

-already  aeen,  the  preoeaaion  of  the  equinoxes. 
In  order  to  exhibit  the  effsct  of  this  pheno- 

BMBOBi  on  the  pUnes  of  the  stara,  let  £  E  (Fig. 

tt)  be  the  earth's  equator,  A  B  0  D  the  ecliptic, 

.and.  let  the  xnteraeetiona  of  the  ediptio  and  equator 

Sioar  saooeMdvely  at  A',  A'',  &o.,  in  an  opposite 

Jireetion  to  the   sun's   path.    These  successive 

■ilMiTigM  of  the  equinoxes  will  cause  correspond- 

m%  ohanges  in   the  pole  P   to  P'  and  P",  the 

light  aaaansionn.    Declinations  of  all  bodies  will 

ibe.ehangady  aa  elso  their  longitudes ;  but  it  will  not  have  any  effect  on  the  position  of 

iknb  tibtan,  the  longitudes  of  which  will  be  constantly  the  same. 

4hl  tttB  J^beijration  of  Light, — ^In  ancient  times  it  was  supposed  that  the  velo- 

(iity  of  light  was.  infinite  and  immeasurable.    Roemer,  a  Danish  astronomer,  pointed  out, 

in  the  year  1675,  that  in  comparing  Cassini's  tables  of  Jupiter's  first  satellite  with 

lihaaiiailiiHi,  he  discovered  the  following  fact : — When  Jupiter  was  near  opposition,  the 

aal^aea  always  happened  earlier  than  the  predicted  time,  and  when  the  planet  was  near 

iai|iiuiotiaOy  the  eolipses  hanpened  later,  the  whole  difference  amounting  to  upwards  of 
The  tables  of  Gassini  were  founded  on  an  extensive  series  of  obser- 
vations at  all  parts  of  the  orbit 
of  the  planet,  and  would  there- 
fore give  a  result  free  from 
aberration  at  the  mean  dis- 
tance of  the  planet  from  the 
earth.  Thus,  in  the  figure, 
T  T'  T'  represents  the  earth's 
orbit,  S  the  sun,  and  J  J'  J'' 
the  orbit  of  Jupiter.  Between 
T  and  T''  the  planet  is  at 
opposition,  and  is  at  its  least 
distance  from  the  earth — ^the 
eclipses  would,  at  this  posi- 
tion, happen  earlier — at  T*  the 
planet  is  at  conjunction,  or 
at  its  greatest  distance,  when 
the  eclipses  would,  of  courae, 
hi^pen  later  about  this  period. 
Huygens  and  others  .con- 
firmed this  assertion  of  Boe- 

«er,tbiit  the  snbjeet  does  not  appear  to  have  been  further  attended  to  till  Dr.  Bt«d^^ 

inttfae  year  1729,  oomauinicated  to  the  Boyal  Society  the  theoreVicsl  caxittd  «i  ^^  ^^- 
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placement  of  a  star,  termed  the  *'  Aberration  of  Light"  To  the  same  astronomer  we 
are  likewise  indebted  for  the  discovery  of  the  Nutation  of  the  earth's  axis.  Withont 
these  two  corrections  of  Aberration  and  Nutation,  there  would  be  a  discordance  in 
the  prediction  of  the  apparent  plane  of  a  star  to  the  amount  of  1'  nearly  of  right 
ascension,  and  SO''  of  North  Polar  distance.  To  the  first  of  these  discoyeries,  in 
chronological  order,  we  now  beg  the  reader's  attiention. 

Picard,  and  other  astronomers,  in  observations  made  for  the  purpose  of  determining 
the  annual  parallax  of  certain  stars,  found  an  unaccountable  difference  of  40"  (annually) 
after  the  application  of  the  Prussian  and  all  other  known  corrections.  Dr.  Bradley,  who 
confirmed  by  observations  of  several  stars  this  difference,  explained  the  theoretical  cause 
in  the  following  manner : — Taking  for  granted  that  light  took  18'  3"  to  pass  from  the  earth 
to  the  sun  at  its  mean  distance,  we  have  the  motion  of  the  earth  in  its  orbit  during  this 
interval  equal  to  20" '5,  In  the  following  figure,  when  the  earth  is  at  T,  the  starbeingin 

^^  the  direction  ET,  it  is 
evident  that  the  tele- 
scope will  not  be  in 
this  position  to  see 
the  star ;  it  must  have 
a  certain  inolinatioB, 
T  A  or  T'  A',  such 
that  the  cross  of 
wires  placed  in  T* 
describesthe  distanee 
r  Thy  virtue  of  tbe 
motion  of  the  eartiii 
whilst  that  light  de- 
scribes the  distance) 
A'  T.  We  see,  in 
fact,  that  the  Ught 
FifiT.  31.  which  passes  the  op- 

tical centre  of  the  object  glass  A',  when  the  telescope  occupies  the  position  T*  A', 
arrives  in  T  when  the  telescope  has  taken  the  position  T  A,  and  can,  consequently, 
meet  the  cross  wires,  which  are  then  found  at  the  point  T. 

In  order  that  the  .reader  may  see  clearly  the  effect  of  the  aberration  of  light 
on  a  star's  position,  we  shall  commence  with  the  most  simple  appearances.  And, 
in  the  first  place,  we  will  consider  the  effect  of  the  varying  position  of  the  earth  in  its 
orbit  on  the  place  of  a  fixed  star.  For  this  purpose  we  shall  take  as  a  point  of  refertfioe 
the  place  that  a  star  would  successively  take,  when  seen  from  the  centre  of  the  son,  in 
the  positions  of  the  earth  in  its  orbit.  In  the  next  place,  we  shall  treat  of  the  effect  of 
the  velocity  of  light  combined  with  that  of  the  earth  in  its  orbit  on  a  star's  position. 

In  the  annexed  figure  (Fig.  31)  S  represents  the  sun;  T,  T',T'',  &c.,  the  earth  in 
its  orbit ;  E  the  place  of  a  star.  When  the  earth  is  at  T,  an  observer  at  T  will  see  it  in 
the  direction  of  T  E ;  the  corresponding  direction  that  an  observer  at  the  sun  would  see 
it,  would  be  found  by  making  e£  parallel  and  equal  to  T  S,  the  radius  of  the  earth's  orbit; 
and  drawing  S  e  equal  and  parallel  to  T  E,  the  star's  place  would  then  be  to  an  observer  at 
S  in  the  position  e ;  similarly  when  the  earth  has  moved  to  T',  making  $'  E  equal  and 
parallel  to  T'  S',  and  completing  the  parallelogram,  the  star's  place  would  be  found  in/. 
In  the  same  manner,  tracing  the  position  of  the  star  throughout  the  year,  it  will- be 
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found  to  describe  a  curve  equal  as  #  #  W  is  to  the  orbit  of  the  earth,  and  parallel  to 
its  plane. 

KoiTy  to  transfer  these  appearances  to  an  example,  let  us  take,  in  the  next  figure 

(Fig.  33),  a  sphere  of  which 
0  is  the  centre,  A  B  C  D  the 
ecliptic,  E  its  pole,  K  S  a 
'^  circle  of  latitude  passing 
through  a  star  as  y  Draconis; 
then,  according  to  tho  preced- 
ing example,  when  the  star 
is  at  S,  the  star  will  appear, 
"^      X  yy  "^th  reference  to  the  centre 

of  the  sphere,  in  a  line  E  e, 

T'  equal   and  parallel  to  0  S, 

which  cuts  the  cone  in  the 

_  direction^  of  the  small  ellipse 

^  mp  n  q.    It  may  be  remarked 

^'    '  that  each  star  will  appear  to 

dssoribe  an  ellipse  in  the  heavens,  which  will,  for  a  star  situated  at  the  pole  of  the  ecliptic, 

haTB  its  major  and  minor  axes  equal,  or  will  become  a  circle,  and  will  gradually  become 


■on  and  more  elongated  as  it  ap< 
pitNtehes  the  ecliptic,  when  it  be- 
oones  merely  a  right  line.  The  ma- 
jor axis,  m  n,  of  this  ellipse  is  parallel 
to  the  ediptio;  and  the  minor  axis,  pq, 
is  perpendicular  to  it.  We  have  thus 
found  that  when  the  sun  is  at  S',  or  at 
the  foot  of  the  circle  of  latitude,  the 
stsr  should  appear  a.tp;  and  as  the 
sun  progresses  in  its  orbit,  it  should 
successively  be  found  in  «,  ^,  and  m. 

Such  are  the  positions  that  Dr. 
Bradley  calculated  that  the  star  should 
occupy  in  the  annual  revolution  of  the 
earth  in  its  orbit.  Ho  was  surprised  o^ 
to  find  that  the  most  distant  position 
of  the  star  from  the  pole  of  the  eclip- 
tic did  not  occur  when  the  sun  was 
at  S,  but  when  it  was  distant  90°  from 
this  point.   His  observations  of  y  Dra- 


Fig.  83. 


oonis  were  commenced  at  December,  1725,  when  the  sun  would  be  about  the  position 
S  of  our  figure,  and  the  star  in  the  position  p ;  but  he  found  that  it  gradually  went  to- 
wards the  south,  till  it  attained  a  position  20"  more  southerly  than  at  December. 
This  occurred  at  the  beginning  of  March,  1726.  It  afterwards  went  northerly,  being 
in  September  more  northerly  by  39"  than  it  was  in  March.  In  the  ensuing  December 
the  star  was  found  in  the  position  of  the  previous  December,  after  making  a  proper 
allowance  for  the  precession  of  the  equinoxes. 
.    Dr.  Bradley  did  not,  however,  rest  satisfied  till  he  had  repeated  the  observations 
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with  another  initrumexit,  made  hj  one  of   the  most  celehrated  artiBts  off'  the  ^tti^ 
Graham,  which  included  a  larger  range  of  zenith  distance.      The  same  resnltiHW 

heibre  mentioned  were  amreA  «t; 
^  the  last  instrument  gave  results  iden- 
tical with  the  three  foot  quadrant  of 
Picard,  and  the  twenty-four  foot  sec- 
tor of  Molyneux.  He  endeavoured 
to  trace  the  origin  of  the  difference  to 
the  effect  of  refraction,  or  a  nutoHoH 
of  the  earth's  axisj  the  latter  of  which 
corrections  was  then  unknown,  with 
the  exception  of  the  trifling  effect  of 
solar  nutation^  whose  period  was  KJC 
months,  and  which  at  its  maximum,, 
as  determined  hy  Newton,  onlf 
amounted  to  a  fraction  of  a  second. 
The  cause  was  certainly  proved  by 
Bradley  not  to  he  owing  to  nutation, 
Pig.  34.  since  a  star,  opposite  in  right  asaeip- 

sion  to  y  Dracoois,  and  at  the*  mam' 
distance  from  the  pole,  observed  at  the  same  time  of  the  yf»ar,  exhibited  difi^reiiew 
o»ly  half  the  amount  of  y  Draconis.  Had  the  cause  been  the  effect  of  nutation  of  Hfe: 
eartii's  axis,  tbe  same  result  of  fluctuation  would  have  affected  both  stars  by  exaoCljp 
the  same  quantity. 

The  effect  of  aberration  may  be  thus  explained.  In  the  figure,  T  T'  T",  As. 
(Fig.  33),  represent,  as  before,  E  the  plane  of  the  star.  If  we  take  with  line  S  B,  a  psifr 
S  R,  and  another  line  R  r,  parallel  to 
the  tangent  to  the  earth's  orbit  at 
T,  which  would  be  the  direction  of 
the  motion  of  the  earth  unless  res- 
trained .by  gravitation,  the  propor- 
tion of  B  r  to  S  R  is  that  of  the  motion 
of  the  earth  in  its  orbit  to  the  velo- 
city of  light.  Thus  when  the  earth 
is  at  T,  the  star,  to  an  observer  im- 
moveable at  the  centre  of  tbe  sun 
would,  by  the  effect  of  the  "  aber- 
ration of  light,"  be  seen  in  tha  po- 
sition S  e,  looking  at  the  star  as  if 
he  had  been  on  the  earth  at  T. 
Thus,  by  analogous  reasoning,  when 
the  eartii  is  at  T*,  by  drawing  R  r 
parallel  to  the  direction  of  the  ear&'s 
motion,  an  observer  at  the  sun  will 
see  the  star  in  the  direction  S  «';  and 
so  on.  The  star  would  tiien  appear 
to  describe  a  curve  in  the  heavens,  e,  «*,  «",  ^\ 

There  is  a  great  diflferenoe,  therefore,  between  the  tw«  poeitionB  of  the  star,  by 
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takiiig  into  aooonnt  the  efffeot  of  aberration.  In  the  former  case,  the  direction  o^  the 
'vieoftHray  was,  for  an  obaerrer,  immoreable  at  the  lun,  in  a  line  pandlel  and'eqnal'lto 
that  joining  the  atar  with  the  earth  in  its  orbit,  and  distant  by  the  radius  of  the  earth's 
orUt  In  l&e  latter  case,  the  eifcot  of  aberration  is  to  make  the  star  appear  in  a  Une 
pmllel  to  a  tangent  of  the  earth  in  its  orbit,  and  distant  by  a  quantity  in  proportion 
to  the  Telocity  c^  light  combined  with  that  of  the  earth  in  its  orbit. 

Fig.  34  will  show  the  real  eifoct  of  aberration  on  the  position  of  7  Braconis.  By- 
the  iireoedmg  reasoning,  when  the  snn  is  at  S,  the  star  should  appear  at  «fi,  in  the  small 
eeHpse  mpnq.  The  efibot  of  aberration  will  therefore  be  to  retard  the  position  of  the 
stv  by  90*,  which  will  agree  with  Bradley's  observation  of  December,  1726.  At 
Maroii,  1726,  the  star  had  increased  its  polar  distance  by  39",  or  was  fbnnd  in  the  poei- 
tion  ji^  end  soon,  the  saoeesiTe  positions  of  the  star  agreeing  precisely  with  obserration. 

ValnUuu  of  the  aurtfli'B  Axis.— After  the  discovery  of  the  Abeiration  of 
Light,  the  indefatigable  astnmomes,  Dr.  Bradley,  prosecuted  his  obserrations  at  Oxford 
and  Greenwich,  when  his  zeal  and  care  were  rewarded  by  the  discovery  of  another  im- 
portant inequality — ^vis.,  Lunar  Nutation.  After  applying  Precession  and  Aberration,  he 
.  found  that,  after  a  series  of  observations  carried  on  from  1727  to  1745,  that  an  inequality 
existed,  depending  on  the  longitude  of  the  nodes  of  the  moon,  whose  period  was  18  years, 
the  existence  of  which  had  been  previously  mentioned  by  Roomer,  but  of  which  no 
published  account  had  been  given.  Dr.  Bradley  communicated  this  **  Nutation  of  the 
Earth's  Axis,"  in  a  Memoir,  to  the  Royal  Society,  in  1748,  in  which  he  mentioned  that 
in  order  to  reconcile  it  with  his  observations,  it  would  be  necessary  to  assume  that  the 
pole  of  the  equator  described  a  small  ellipse  about  its  mean  plane,  whose  major  and 
minor  axes  were  respectively  18"  and  10".  It  was  afterwards  explained  on  Sir  Isaac 
Newton's  Theory  of  Gravitation,  as  a  necessary  effect  of  the  retrograde  motion  of  the 
moon's  nodes,  by  which  the  moon's  inclination  to  the  equator  varies  from  18''  to  28°. 
By  this  it  is  evident  that  this  variation  of  inclination  will  cause  a  considerable  difference 
in  the  moon's  attraction  on  the  protuberant  parts  of  the  earth's  equator.  Nutation  is, 
then,  an  irregularity  of  Lunar  Trteetaion,  the  mean  value  of  which  is  3d"*9  annually — 
the  remaining  14" '4  being  principally  due  to  the  sim — or  the  whole  amount  of  the 
precession  of  the  equinoxes  being  equal  to  50" '3. 

The  following  explanation  will  clearly 
ihow  the  effect  of  a  nutation  of  the  earth's 
axis  on  the  position  of  a  star : — 

It  has  been  previously  explained  that  the 
pole  of  the  equator  makes  a  complete  revolu- 
tion around  the  pole  of  the  ecliptie  in  a  term 
of  about  25,000  years,  and  that  it  is  termed 
the  "Precession  of  the  Equinoxes."  In 
Fig.  33  (which  is  not  in  exact  proportion  to 
the  phenomena),  T  K  is  the  pole  of  the  eclip- 
tic, and  T  O  the  pole  of  the  equator,  the 
angle  K  T  0,  or  the  obliquity  of  the  ecliptic, 
being  23**  28'.  In  consequence,  however, 
of  nutation^  the  pole  of  the  equator,  T  0, 
does  not  preserve  the  same  inclination  to  the 


T 

IFig.  36. 
pole  of  the  ecliptic,  but  moves  on  the  surface  of  a  little  cone  at  the  elliptic  base, 
T  m  II  flnT  ft* ;  still,  however,  the  cone  itself  describing  its  revolution  around  the  pole  of 
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tb«  eelipUc,  which  if  the  '*  Preceftsion  of  the  Equinoxes,"  as  hefora  stated.  Tha 
in  the  smaller  cone,  around  its  centre,  0,  will  evideotly  cause  the  pole  of  the  equate 
to  be  alternately  on  one  side  and  another  of  its  mean  plane.  The  major  axis  of  this 
ellipse,  m  m%  is  directed  in  the  plane  which  passes  through  its  axis,  T  O,  and  tiiron^ 
the  perpendicular,  T  K,  to  the  plane  of  the  ediptio— its  amplitude  is  ld^*3.  The 
smaller  axis  of  the  ellipse  is  14'' '4.  The  pole,  P,  makes  a  revolution  of  this  dlipse  in 
the  space  of  18  years,  returning  to  m  each  time  that  the  ascending  node  of  the  moon  is 
found  at  the  spring  equinox.  To  know,  at  any  time  whaterer,  what  is  the  positioBof 
the  pole  on  the  ellipse,  we  must  imagine  a  circle  described  on  the  major  axis,  «•  fnT,  as 
a  diameter,  and  to  suppose  that  a  point,  Z,  describes  uniformly  this  circle  in  the  direction 
of  the  arrow,  in  a  manner  to  come  back  again  always  to  m  at  the  times  at  which  the 
polo  ought  to  be  found  there.  At  any  time  whatever,  the  pole,  P,  is  always  situated  at 
the  point  of  meeting  the  ellipse,  mnm'  n',  with  a  perpendicular  to  its  major  axis,  drawn 
through  the  position  that  the  point  Z  occupies  at  this  instant. 


ON  THE  MOOX. 

TaiB  object,  the  nsost  Talualile  m  lelation  to  mflnkimi  : — whicli  aerves  as  a  guide  to  the 
miriner  in  thetracklt^a  patli  of  tBt?  omao^  and  whoae  infaence,  comljinBd  witli  the  iuu, 
prnduce^  the  tideft^  will  neit  claiiu  our  attention*  Viewing  ita  path  in  the  heaveua,  wo 
find  its  motion  to  be  the  moat  rapid  of  any  other  body  j  the  earth's  changes  of  positinu 
'W'kich,  with  referc?nue  to  the  sun,  amounted  in  the  Qomm  of  a  day  to  P,  wiH,  for  the 
moon,  bo  more  than  twelve  times  that  quantity.  In  consequence  of  thia  quick  dis- 
placement Tfith  reference  to  the  stars,  its  motions  have  become  a  most  valuahb  meana 
of  determining,  at  any  instant  of  time^  the  position  of  a  tcbsoI  at  sea. 

Her  appearance,  and  the  breadth  of  her  illumiriated  disc,  yary  every  moment, 
ahowing  that  ahe  is  an  opaque  body  which  receives  light  from  the  sun.  The  disc, 
however,  during  earih  sneceasive  lunation,  always  preflenls  the  aame  physical  appear- 
ances; and  we  have  never  been  able  to  perceive  the  other  hemisphere,  whidi  can 
only  be  seen  when  in  conjunction  with  tho  sun,  or  at  that  time  when  the  darkened 
hemisphere  is  directed  to  the  earth.  This  arises  from  her  rotation  on  an  am,  in  a 
period  nearly  coincident  with  the  t  J  me  of  her  sidereal  revolu  tion, 

A  most  striking  proof  of  the  opacity  of  the  body  of  the  moon  li  shown  by  a  phe- 
nomenon frequently  visible— viis.j  the  occultation  of  a  star  by  the  moon*  In  eona^- 
queuce  of  the  prc^^er  motion  of  the  moon  from  west  to  east,  she  will  pass  over  or  occult 
in  ber  march  all  the  fi^ed  stars  in  her  path.  Before  full  moon,  we  see  the  star  disappear 
at  her  unenlightened  hemisphere  and  reappear  at  the  illuminated  limb*  The  time  of 
the  ocoultation  wiE  depend  on  tht!  motion  of  the  moon  in  her  orbit,  whieh  can  thua 
be  calculated  with  gr^at  precision,  and  is  found  to  agree  exactly  with  observation. 
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Phases  of  the  flKoon,-^TI^  ]^hMW  are  ^itd  wi^lained : — ^If  we  assume  that  the 
moon  describes  a  circle  arouad  ^  etH|i,  aa4  AM  ^  mm  If  infinitely  distant,  we  shall 
find  that  the  rays  of  li|^|  ttom  the  aim  will  alwayi  be  pvdlkl,  tnd  will  only  illuminate 
one-half  of  the  conveit  he!»iq4>«ra  tMted  by  1^  Hue  m  (•  (Hf  t  97)t    But  to  a  spectator 

W  fte  earth,  at  T, 
file  muminated  por- 
lioilvHlbe  limited  by 
<b»  Ullf  p  q,  directed 
jpeii«ii4kvlarly  to  the 
itdhm  of  the  moon's 
orbit,  ^us  at  new 
moon,  w  A,  the  en« 
UghteneA  hemisphere 
is  ti|i9ie4  towards  the 
msOf  HHd  the  darkened 
^^sittfi  the  earth,  when 
\%  Ut  Ol^sequently,  in- 
yiglhle,  except  in  pe- 
ooUar  circumstances, 
called  "eclipses  of  the 
sun,"  when  its  diame- 
ter obscures  for  a  time 
that  luminary.  AtB 
a  small  portion  of  the 
^^*     •  enlightened        hemi- 

sphere is  seen  from  the  earth.  At  C  it  is  at  its  "  first  quarter."  The  enlightened  por- 
tion increases  gradually 
till  it  becomes  a  maxi- 
mum, or  is  in  opposition  to 
the  sun.  At  G  it  is  again 
on  the  wane,  or  at  its  last 
quarter,  decreasing  gra- 
dually, but  in  a  direction 
opposite  to  the  fii-st  ap- 
pearances. At  H  it  is 
again  found  in  conjunc- 
tion. The  above  succes- 
sive appearances  are 
shown  by  the  annexed 
diagrams.  When  the  moon 
passes  into  the  region  of 
the  heavens  where  the 
sun  is,  it  is  invisible.  At 
the  end  of  a  few  days,  a 
careful  observer  will  see 
the  moon  after  sun-set  in 
the  form  of  a  crescent,with 
its  convex  side  to  the  right,  as 


it  is  represented  hi  A  (Fig.  38) ;  this  ditappeazs  after  • 
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period  under  the  horizon.  For  some  days  the  same  appearanoes  present  tiiemselTes, 
eseent  becoming  broader  at  its  centre,  as  in  B,  and  remaining  longer  abore  the 
ID.  Six  or  Boyen  dayv  more  and  the  orescent  has  nearly  disappeared,  and  a  half 
presents  itself  to  ns,  as  in  0.  At  this  period  it  is  sufficiently  distant  from  the  sun, 
:oaes  the  meridian  six  hours  after  it  The  moon  continues  to  increase,  first  to 
fimrths,  and  finally  to  a  full  circle,  as  in  D  and  E.    In  another  week  the  wan&g 

which  is  seen  in  the  morning,  assumes  the  appearance  of  F,  G,  H  and  I,  the  oon- 
ide  of  the  crescent  being  now  to  the  left. 

the  moon  did  not  rerolye  on  its  axis  during  this  progress,  we  should  not  hare  the 
ipotB  yisible  on  its  surfaeo  at  each  position  in  its 
in  nearly  the  same  direction.  We  are  thus  led 
sr  that  the  moon  makes  a  corresponding  turn 
r  axis,  in  the  interval  from  conjunction  to  con-i 
DO,  Thus,  if  the  surfiBu»  was  without  motion, 
■he  moved  in  her  orbit  from  L  to  L'  (Fig.  39), 
Urition  L  a  would  take  a  position  L'  h ;  but  during 
ine  she  has  revolyed  on  her  axis  through  an 
b  L'  a,  equal  to  the  angle  L  T  U  described  in 
rbit.  Similarly,  we  find  that  when  she  has 
>ed  an  orbit  of  180°  or  270*  she  has  rotated 

axis  by  an  equivalent  angle. 
bntion  of  the  Moon.— Seen  through  a  tele-  1^*  »• 

there  is  another  phenomenon  called  the  Kbration,  which  enables  ns  to  perceive  a 
portion  of  the  disc,  otherwise  invisible.  The  first,  or  the  KbroHon  in  longitnde, 
from  the  two  motions  of  rotation  and  translation  not  being  exactly  equal,  and 
be  appearance  of  the  moon's  borders  will  likewise  partake  of  this  inequality, 
oond  arises  from  the  circumstance  that  the  axis  of  rotation  is  not  exactly  per- 
ular  to  the  plane  of  its  orbit,  but  is  inclined  to  it  by  an  angle  of  6°  37'. 
s  called  the  Hbration  in  latitude.  Thus,  when  the  moon  is  at  L  (Fig.  40),  we 
thout  difficulty  the  pole  q^  but  cannot;  perceive  the  opposite  pole|y.  But  when 
)on  is  at  L'  the  polejp  becomes  visible,  while  the  pole  q  vanishes  from  our  view. 
>sition  of  a  spot  near  the  moon's  equator  at  a,  would,  therefore,  to  a  spectator 

earth,  appear  in  different  positions ;  this  libration  is  directed  perpendicularly 

to  the  plane  of  its  oriiit, 
or  nearly  to  the  plane  of 
-it'  I  \    /""  y  the  ecliptic. 

^  ^^         Finally,    there   is   a 

Fig.  40.  third  libration,  called  the 

libration,  which  depends  on  the  positions  of  the  moon  to  an  observer  on  the 
surface,  in  the  interval  from  rising  to  setting.  In  consequence  of  the  proximity 
moon,  the  spots  will  not  retain  the  same  positions  at  rising  and  passage  aeross 
ridian,   but  the  effect  at  its  maximum  is  only  32'",  and  is  scarcely  worth 

Tiii«»  of  tho  Moon,— Before  attempting  to  deduce  the  orbit  that  the  moon 
m  around  the  earth,  we  shall  find  it  imperatively  necessary  to  correct  the  reeuHg 
vation  for  "  Parallax."  Parallax  is  the  angle  which  the  radius  of  the  earth  sub- 
the  moon.  It  is  felt  entirely  in  a  vertical  direction  on  the  meridian,  and  can 
•mined  in  the  following  manner :— 


^ 
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Fig.  41. 


If  the  zenith  distance  of  the  moon's  centre  be  obsenred  by  two  astronomers  at  two 
■  stations,  differing  considerably  in  latitude  north 

and  south,  as  Greenwich  and  the  Cape  of  Grood 
Hope,  as  (B  and  C)  in  Fig.  41,  we  shall  haye 
the  angles  Z  B  L  and  Z'  C  L.  The  latitudes  of 
the  two  stations,  B  0  E  and  C  0  E,  are  well- 
known,  and  their  difference  of  longitude  is  also 
accurately  known.  The  motion  of  the  moon  in 
zenith  distance  is  known  to  a  great  certainty,  and 
thus  the  data  are  perfectly  comparable.  If  th* 
moon  were  as  distant  as  the  £zed  stars,  the  sum  of 
the  zenith  distances  thus  found  would  be  precisely  equal  to  the  sum  of  the  latitudes, 
north  and  south,  of  the  two  observatories,  when  proper  allowance  has  been  made  for 
refraction.  But  the  effect  of  parallax  will  be  in  both  cases  to  increase  the  apparent 
zenith  distances,  and  the  obseryed  sum  will  be  greater  than  the  sum  of  the  latitudes  by 
the  whole  amount  of  the  two  parallaxes.  In  this  manner,  by  corresponding  obser- 
yations  of  the  moon  at  her  meridian  passage,  the  constant  of  the  horizontal  parallax  has 
been  determined. 

In  its  practical  application  to  the  results  of  obseryation,  it  is  customary  to  correct 
the  zenith  distances  for  the  angle  made  by  the  direction  of  the  plumb-line  at  each 
station,  and  a  line  drawn  to  the  centre  of  the  earth.  This  is  termed  the  angle  of  the 
yertical,  and  its  yalue,  as.  well  as  the  radius  of  the  earth  at  the  two  stations,  are  known 
from  the  "  figure  of  the  earth.''  The  point  of  reference  to  which  horizontal  parallaxes 
are  referred  in  the  case  of  the  moon  is  the  radius  of  the  equator,  and  in  this  manner  the 
individual  results  of  observation  are  corrected  for  the  effect  of  parallax  in  altitude, 
which  varies  as  the  line  of  the  zenith  distance. 

The  Moon's  Path  in  the  Heavens. — By  the  transit  instrument  and  muial 
circle,  we  are  now  able  to  trace  the  path  of  the  moon  in  the  heavens,  after  properly 
applying  the  corrections  for  parallax  and  semi-diameter  before  mentioned.  We  thus 
determine  its  angular  displacements  with  respect  to  the  equator,  and  find  that  it 
describes  a  revolution  in  a  period  of  about  27  days,  returning  nearly  to  the  point  of 
departure ;  but  if,  during  several  lunations,  its  progress  is  watched,  we  shall  find  that 
its  inclination  to  the  equator  differs  by  an  angle 
varying  from  IS'*  to  20°.  Instead,  however,  of 
referring  to  the  equator,  if  we  use  the  ecliptic, 
we  shall  find  that  it  constantly  preserves  the 
same  relation — viz.,  an  inclination  of  about 
5°  9'. 

The  figure  (Fig.  42)  will  show  the  orbit  of 
the  moon  in  its  progress  through  two  lunations. 
E'  E  represents  the  earth's  equator,  A  B  C  D 
the  ecliptio,  and  AB  C  D  the  orbit  of  the  moon, 
inclined  to  the  ecliptic  by  an  angle  of  6°  9'. 
The  intersections  of  the  orbit  N'  are  termed  the 
nodes.  Supposing  N  to  represent  the  node  at 
one  lunation,  at  the  next  it  will  be  found  to  have 
retrograded  to  N',  and  at  each  succeeding  lunation  in  the  same  manner,  always  preserving 
the  same  inclination  to  the  ecliptic,  till,  at  the  end  of  about  19  years,  it  returns  to  the 


Fig.  42. 
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Fig.  43. 


positioa  N.    This  will  naturally  cause  a  yariation  in  its  inclination  with  regard  to  the 
equator,  which  is  shown  by  the  figure  (Fig.  43). 

Let  A  B  0  D  be  the  ecliptic,  E  E  the  equator,  N  L  K'  L'  the  orbit  of  the  moon,  0  P 
the  axis  of  the  earth,  0  K  the  axis  of  the  ecliptic, 
and  0  B  the  axis  of  the  moon's  orbit.  In  the 
motion  of  the  axis  of  the  moon's  orbit  around  the 
pole  of  the  ecliptic,  it  will  describe  a  small  circle, 
R  K'  R'\  around  the  point  K.  The  axis  0  R 
describes  a  cone  of  reyolution  of  which  the  axis  of 
the  figure  is  the  line  0  K.  In  this  motion  the 
angle  of  0  R  with  0  K  is  always  equal  to  the 
inclination  of  the  moon's  orbit,  or  6^  9\  The 
inclination  that  the  equator  will  make  with  the 
moc*n's  orbit  will  be  successively  the  angles  P  0  R', 
P  0  R,  and  P  0  R",  and  as  the  angle  P  0  K  is 
the  obliquity  of  the  ecliptic,  or  23°  28',  the  angles 
P  0  R'  and  P  0  R"  will  be  the  minima  and 
maxima  inclinations,  being  18°  19'  and  28°  37'  respectively. 

Motion  of  the  Apsides.— The  line  of  the  apsides  of  the  moon  has  been  found 
to  have  a  very  rapid,  though  not  imiform  motion,  amounting  to  6'  41'\  daily,  which  is 
direct,  or  according  to  the  order  of  the  signs,  and  the  major  axis  of  the  ellipse  thus 
makes  a  complete  revolution  in  3,232J  days.  In  one  hundred  Julian  years,  or  36,525 
days,  the  line  of  the  apsides  makes  eleven  complete  revolutions  -{- 109°  2'  46"  *6,  and 
at  the  present  time  this  motion  decreases  50"'4203  in  one  hundred  years.  The  longi- 
tude of  the  perigee  may  be  calculated  for  any  period — that  in  1801,  January  1  (Paris 
time),  being  266°  10'  7''*5.  The  true  longitude  of  the  moon,  supposing  it  to  move  in 
an  elliptic  orbit,  whose  eccentricity  was  0*0548442  in  parts  of  the  semi-major  axis,  or 
the  greatest  equation  of  the  centre  was  6°  17'  12"'7,  might  thus  be  calculated  for  any 
period  in  the  ordinary  manner ;  but  a  great  number  of  minute  corrections  must  be 
applied  to  it  before  the  tabular  plane,  thus  obtained,  would  be  found  to  agree  with  the 
obeerved  plane  of  the  moon. 

EwectionyTaxiation,  and  Annual  Equation. — These  are  the  three  greatest 
periodical  fluctuations  of  the  moon  in  longitude.  The  efiect  of  the  evection  can  be  ex- 
plained by  a  diminution  of  the  equation  of  the  centre,  when  the  moon  is  at  opposition  and 
conjunction,  and  by  an  increase  in  its  value  when  at  quadratures ;  the  amount  of  the  cor- 
rection in  the  latter  case  not,  however,  being  so  considerable  as  in  the  former.  If  we 
suppose  the  line  of  apsides  to  be  in  syzigy — ^that  is,  new  or  full  moon — the  observed  longi- 
tude will  be  found  to  be  80'  greater  than  the  calculation ;  and  if  the  apsides  are  in  quadra- 
tures, or  first  and  last  quarters,  the  observed  will  be  found  to  be  smaller  by  the  same 
■amount.  The  evection  depends  on  the  double  of  the  elongation  of  the  moon  from  the 
sun,  the  mean  anomaly  being  subtracted  from  the  product,  and  the  coefficient  of  this 
quantity,  amounting  to  1°  20'  30".  Hence,  when  the  apsides  are  in  syzigies,  at  which 
period  the  eccentricity  is  greatest,  the  greatest  equation  of  the  centre  is  7°  39' ;  and 
when  in  quadrature,  at  which  it  is  smallest,  it  is  only  4°  58'.  At  the  latter  position  of 
the  apsides,  the  gravitation  is  greatest  at  apogee,  and  least  at  perigee ;  and  in  the 
former  case  the  gravitation  is  greatest  at  perigee,  and  least  at  apogee,  and,  consequently, 
ihe  eccentricity  of  the  orbit  is  increased.  The  discovery  of  the  equation  of  the  centre 
and  evection  is  due  to  Hipparchus  and  Ptolemy.    The  more  accurate  observations  of 
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Tycho  proved  the  ezutenoe  of  a  second  irregularity^  which  Im  termed  the  variation. 
The  observed  planes  disagreeing  with  the  computed  act  of  syzigies  and  quadratures^ 
sometimes  as  much  as  37'  wheft  the  line  of  apsides  was  in  the  octants,  Tycho  found 
that  it  depended  on  the  elongation  of  the  moon  from  the  sun.  The  cause  of  this  is  the 
position  and  distance  of  the  sun  and  the  earth ;  for  when  the  sun's  disturbing  force  is  at 
right  angles  with  the  radius  vector,  the  moon's  motion  is  accelerated  from  the  quadra- 
tures to  syzigies,  and  retarded  in  the  contrary  direction.  The  coefficient  is  35'  42**, 
and  the  argument  is  double  the  elongation  of  the  moon  and  sun.  The  ammal  egnatiim 
follows  nearly  the  same  law  as  the  equatioQ  of  the  centre  of  the  earth's  orbit,  only  with 
opposite  signs.  This  is  greatest  in  the  months  of  March  and  September,  but  almost 
vanishes  in  June  and  December.  From  this  it  derives  its  name — the  period  being  an 
anomalistic  solar  year,  and  the  coefficient  11 '  13".  Themotion  of  the  moon,  in  conseqnence, 
is  slowest  in  winter  and  quickest  in  summer.  It  is  due  to  the  disturbing  force  of  the  sozi 
in  different  parts  of  its  orbit,  being  greatest  at  its  least  distance,  and  least  at  i^helion. 
The  greatest  of  the  periodical  disturbances  of  the  moon  in  latitude  depends  on 
twice  the  elongation  of  the  moon  from  the  sun,  from  which  the  distanoe  of  the  moon 
from  its  nodes  being  subtracted,  the  coefficient  is  8'  48".  In  addition  to  this,  there  Is 
another  remarkable  inequality,  depending  principally  on  the  compression  of  the  earth 
at  the  poles,  and  which  may  be  termed  the  spheroidal  inequality.    Thetheoyof 

universal  gravita- 
tion has  come  to 
the  aid  of  obter- 
vation  in  deteet- 
ing  numerous  in^ 
equalities  which 
observation  alone 
would  soiun^ 
ever  be  able  to 
discover,  and  hsi 
explained  all  those 
which  were  pre- 
viously known  to 
exist. 

Motion     €f 
the    Moon   la 
Spaco.   —  The 
curve  whidi  the 
moon  deseribeff  h 
space  may  belaid 
down  in  the  fid- 
lowing       sini^ 
manner :— Let  the 
earth,  T  (Fig.  44), 
pass    round    the 
sun,    8'    in    liM 
orbit  T,  T',  T",  &c.    An  observer  on  the  earth  will  see  the  moon  in  various  poeitioBi 
in  respect  to  the  sun.    When  the  earth  is  at  T,  the  moon  will  be  at  L  or  in  ooB- 
Junction;  when  at  T',  the  moon  will  be  a  L',  or  at  its  first  quarter ;  at  L"  at  foil ;  at 
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L"'  At  last  ^lUTlffT',  and  tt  the  nwtih  dQaonbei  iti  p«th  around  the  aun,  it  foUowA  that 
tlte  eoiTO  ^mib&d  }jf  the  moon  in  ipAce  will  p^Aas  through  the  pointi  L,  L',  I,' ', 
L"%  kot  Thifl  U&e  is  repfrosented  in  the  diagram  m  eoniidarablf  more  outTed 
than  it  redllj  i»^  the  dtatAnpe  T  L  being  only  ^th  of  the  dieUnce  T  S, 

Oa  tli^  Kweii  SEoon* — ^The  phenDmenoo  of  the  ham?8t  moon,  when  for  iom6 
olghU  tog^thfiT  at  that  pedod  of  the  year  tha  moon  rlaca  nearlj  at  the  same  timef 
depeiida  on  the  fnellnaticin  of  the  eoliptic  with  the  horisoiiH  That  part  of  the  eeliptia 
ia  whiah  thi$  inolinatiaii  mikea  the  least  poesibte  angle  Ucfb  in  tbe  conetellation  Ariea 
(in  north  latitude)^  tatd  whan  tho  ann  is  in  Iiibr%  m  at  the  tisie  of  the  antumtial 
cquinoX}  ih&  moon,  when  at  full,  will  be  near  the  firtt  point  of  Ariee  ftnd  but  little  dii^ 
tint  finom  the  eQliptie,  It  ia  clear  that,  wh<!n  at  thia  part  of  its  orbit,  ad  it  trafela  &om 
weit  to  eaat,  the  tlmea  of  aueeesaWe  rking  mvist  l»«  within  a  abort  period  of  eaoh  other; 
ind  if  the  eoliplid  were  wholly  parallel  ta  the 
hmzon,  tbeii  it  would  rile  exactly  at  the  aame 
time  on  each  nighfi^  Aa  the  moon,  however,  ia 
1  little  inelinad  to  the  ecliptic  at  aoTne  p«riodt^ 
thia  will  make  the  diffeteuoe  eyeu  less.  In  the 
latitude  of  London,  the  least  poaaible  dtfferenoe 
between  the  timea  of  aucooeaiTe  riainj^  of  tho 
moon  has  boon  caleolated  at  seventeen  minutoa. 
When  the  oonateJlmtion  Libra  rtaea,  the  eolititie 
makei  the  groatsHl  possible  angle  with  tho 
horlaon,  and  the  differenopi  between  the  time  a 
ci  ancoesiiTe  riaingt  of  tbe  moon  ia  then 
greiteaii  This  takes  place  with  the  full  moon 
at  the  time  of  the  reTnal  equinox^  end  the 
jreatuat  poaabie  difference  in  the  latitude  of 
London  is  Ih.  iTm^ 

F]i;fti0«i  Confttittiiiott  and  TcIb- 
aeopic  Ap^e&ran^e  of  the  HKooti.— No 
ceiefiti*l  object  ia  better  known  to  ua,  by  mtans 
of  tho  telescope,  than  the  mocin;  and  iiutni> 
menta  haro  been  eonatracted  which  ahorteu  ita 
diataiK^  by  a  thousand  timesi  and  thus  bringa  it 
opticallj  within  less  than  two  hundred  and 
fifty  milea  of  the  earth*  In  yiewiag  it,  tho 
observer  ja  immediately  straek  with  the  rougb- 
aeas  of  its  surface,  and  the  numerona  cireuliT 
formationa,  which  appear  aa  if  suiroundcd  hy  a 
s^eep  «nd  high  wall ;  whilst  thoae  are  by  far  tho 
moat  numerouaii  there  are  also  eares  and  hilly 
pFominenoea^  There  exist  alao  immense  moun- 
tain ehaina^  which  for  extent  and  height  appe  ar  to  surpass  eren  those  of  tho  ear^. 
Immense  ridgw,  risiog  up  from  the  open'plaius,  are  remarkable  for  their  height  and 
bngbtneast  as  well  as  foe  tho  numeroua  peaks  and  eininonces  into  which  the  surface  la 
leparsrfiedj  One  of  these  is  yery  yiaible  [in^  the  interior  of  the  ercscont  of  tbe  moon 
when  ahcmt  half-full,  and  eon  even  be  seen  aa  a  n&tch  in  that  "^oAwn^  w'vtk  fe^ -tv^^^ 
sy Cj  from  the  sba^knr  which  it  casts  upon  th  e  open  plain .    This  ipeert  \%  tte«ii  m  ^^  *Kssam' 
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ptnying  representation  of  the  moon  when  half-full  (^ig.  45),  and  the  mountain  chain  to  j 
wbiuh  it  belongs  is  a  part  of  the  Lunar  Appenines^  some  of  the  peaks  of  which  are  | 
oaloulatod  to  be   upwards  of  five  thousand  feet   in   height.     Although,  howerer,  i 
the  general  surface  of  the  moon  is  rough  and  uneven,  and  the  large  circular  moun-  \ 
tains   are    extraordinarily    plentiful,   especially    in    the  southern    hemisphere,  yet  | 
some  portions  are  nearly  level  and  of  great  extent.    When  the  moon  is  full  these  ' 
portions  appear  as  dark  grayish  spots,  and  give  it  that  appearance  which  has  been  ' 
likened  to  the  human  face ;  and  as  the  moon  cannot  cast  any  shadows  at  this  time,  ' 
it  follows  that  this  must  be  their  natural  colour.    These  are  known  by  the  name  of  1 
«nM,  and  still  retain  that  appellation ;  although,  when  examined  by  means  of  the  I 
telescope,  they  have  not  any  appearance  of  being  sheets  of  water,  but  seem  to  be  | 
large  level  alluvial  tracts  of  land  on  which  craters,  peaks,  cavities,  and  long  banks  , 
are  plentifully  scattered.    These  seas  take  up  a  large  portion  of  the  lunar  surface,  | 
although  it  is  only  the  most  extensive  which  are  seen  with  the  naked  eye.     The 
smaller  ones  are  known  by  the  names  of  bays,  lakes,  and  marshes.      They  vary 
oonaiderably  in  intensity  of  colour,  and  some  of  them  have  been  even  noticed  of  a 
grayish  tinge.    The  greater  nximber  of  these  seas  were  named  by  Riccioli,  who,  accard- 
ing  to  the  spirit  of  the  age,  called  them,  in  the  astrological  manner.  Mare  Imbrinm, 
Humorum,  Scrembates,  j^.    If  we  view  the  other  portion  of  the  moon  when  at  the 
ftill,  they  might  be  mistaken  for  a  crude,  chaotic  mass  of  crystallized  or  frozen  frag- 
ments, without  shape  or  termination.    It  is  only  when  examined  in  its  various  crescent 
aspects,  with  good  telescopes,  that  the  various  formations  are  seen,  as  it  were,  raised 
above  its  surfitce^  which  to  all  appearance  they  art^  when  viewed  in  this  bold  reliefl 

The  most  renarkaMe  of  the  lunar  mountains  are  those  of  the  circular  ahspS) 
wbicli  are  not,  however,  equally  regularly  defined  all  over  its  sutCmc,  some  of  tiiem 
being  quite  perfect,  and  others  misshapen  and  broken.  The  larger  of  the  ammlsr 
Mountamsi  taken  in  general,  do  not  possess  the  same  regularity  of  stractnre  u  tiie 
OMller  one*.  For  the  gventer  part  they  have  a  levt^l  interior,  which  in  many  instaneei 
ii  very  inegnUr :  and  the  wall  is  but  seldom  equally  high  or  bioad  at  all  puis,  whick 
^viU  not,  however,  be  peiteiTed  at  first :  and  it  is  only  when  the  sun  has  jost  eon- 
»«Dced  to  ilhmunate  the  tops,  that  the  shadows  are  nodetd  to  be  so  rough  and 
inegnlar.  The  extetior  is  frequently  sttm>unded  by  hi^h  rocks,  which  are  oflen  mofs 
elevntoi  than  the  wall.  In  tome  i^w  instanc<9  the  interior  snrfMe  is  perfectly  kvd, 
«i  in  rkU\  Ai^himedce,  and  the  e«Meni  porti^^n  of  Stoflis :  bat  for  the  most  pait 
ikey  iie  coTvre4  with  ttonuains,  iMuntain  chains,  and  enters  of  vaxioos  depths  and 
t&M.  In  aeveial  initanoMs  the  thnin  of  nKMm^ains  in  die  interior  is  qnite  strai|^t 
aafel  lefnte,  and  4iviilos  this  sn^we  into  twv  parts  »Me  <v  kea  equal.  Tlieee  raovB- 
fWH  ii«  not  in  fwwral  so  elevated  ns  those  whvh  snnv^::ad  thea.  It  is  but  laidy 
^ni  thoM  wlw4  ate  kv^  in  tke  ini>cri<¥,  and  may  Sf  ^KK«::inaxed  tke  w^Otdptmm, 
«w  q[iiift»  dNndir  in  lorak  TW  wnU  which  s;:n\-4uds  tixan  is  generally  vneren,  and 
in  many  paK»  is  <v^tt|C'<«t^  >4v^k<t9i  aw^nv :  $c>seifdxM»  ih<tf«  *i1^'»'  it*  W^Vh  >nd  in 
V4)wr  oaMO  t)te  b«v4Dtn  |v«t>o«t  i$  vv^ple^r^t'  Vrty^kd  wi^  liie  sm:.  In  toae  cnna  die 
wnU  «s  wnntii^r  fUr  n  sixtk  part  of  t))<^  «^i:^•%»;fr^^eftOlr  ;  in  ^-cben  lor  one^onitii,  or 
evvneiaeahiHl;  Vnt  in  tWn^  int«ino(«  theee  is  ss'«$4>  jobm  tm^  of  n  cnntinnntiQn  of 
^  veld  widl  Vy  n  4)^ficte»o^  otf*  lei^mosfi.  <«-  a  stooonss^ift  of  small  bilk.  Xbe  walled 
pkte  iHiy  tWs  K(  consiJkW'i  lo  Vmx  some  ajfiniiy  ^.^  i^  Vsys  and  sook  seigliboaiiiig 
«f  ^  fff^Mt  ««*»  ns  t^  ^  <;pi«nM  ^nwit  >MbMk  w^iioh.  Ir  n 
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By  for  the  greater  numbor  of  the  walled  plains  are  seen  in  the  southern  hemisphere, 
where  t&ej  are  interlinked  among  each  other  io  great  plenty,  and  where  it  is  a  difficult 
matter  to  distinguish  thorn  properly,  or  to  mnp  them  vrith  the  requisite  distinctness. 


Fig.  46. 
In  the  northern  hemisphere  they  are  loss  common,  but  appear  to  greater  advantage 
from  being  more  isolated ;  and  it  is  here  wo  see  the  more  regular  specimens  of  this 
class,  as  Flato  and  Arehimedet,  It  has  been  remarked  that,  in  numerous  instances, 
the  walled  plains  appear  ranged  in  a  row  in  a  north  and  south  direction ;  and  if  the 
loathem  part  is  viewed  at  the  first  and  lost  quarter,  in  that  portion  which  separates 
the  Mmr$  Nubium  from  the  hilly  parts  of  the  south-west  quadrant,  a  row  of  these 
fonnations  become  plainly  visible,  some  of  which  are  of  considerable  magnitude  and 
curiously  entwined  with  one  another.  Similar  to  the  circular-walled  plains  in  shape, 
but  mostly  of  smaller  dimensions,  are  the  circular-walled  concayities,  whose  diameter 
Tariet  considerably ;  and  which,  like  the  latter,  are  best  seen  in  the  northern  part 
of  the  moon,  though  they  are  plentifully  distributed  in  other  parts,  in  the  moun- 
tain chains,  in  the  level  seas,  and  even  in  the  interior  of  the  walled  plains.  The 
interior  is  mostly  regularly  concave,  and  in  general  they  are  furnished  with  a 
central  peak,  which  occurs  likewise,  though  not  so  frequently,  in  several  of  the  walled 
plains^  as  may  be  seen  in  the  accompanying  representation  (Fig.  46} .  The  interior  portion 
of  the  wall  is  muoh  steeper  and  considerably  smoother  than  the  outer.  The  central 
peak  has  no  connection  with  the  surrounding  wall,  and  never  attains  to  the  same 
height,  and  frequently  not  even  the  same  elevation,  as  the  surrounding  country,  while 
in  many  cases  they  are  so  small  as  to  be  seen  with  the  utmost  difficulty.  The  smaller 
walled  concavities  are  almost  always  without  them.  The  central  peak  is  in  general 
very  steep,  but  it  sometimes  happens  that  it  takes  the  form  of  a  mountain  of  gradual 
ascent,  and,  in  some  instances,  a  mass  of  mountains,  as  in  Grasscndi.  In  the  great 
annular  mountain  Tt/ehOf  which  presents  such  a  fine  appearance  at  the  time  of  full 
moon,  the  central  peak  is  very  steep  and  high.  In  some  of  the  annular  mountains, 
instead  of  the  central  part  being  occupied  by  a  peak,  it  is  frequently  the  locality  of  a 
deep  crater,  although  this  is  not  so  exactly  situated  in  the  centre,  as  the  peak  generally 
is.  It  has  been  remarked  that  the  very  dark  walled  plains  and  concavities  are  mostly 
without  any  central  mountain  or  peak,  as  is  the  case  in  Julius  CsBsar,  Plato,  Endymion, 
and  many  others  of  the  same  class.  The  central  masses  of  mountains  are,  in  general, 
very  steep  towards  the  summit,  but  are  surrounded  by  low  scattered  mountains  at  the 
base.  Several  of  the  walled  concavities  are  deficient  in  the  same  manner  as  the 
walled  plains,  a  greater  portion  of  the  outer  wall  being  broken  down,  and  several 
gaps  apparent  in  the  circiunference.  The  pita  of  the  walled  concavities  are  deeper 
thfODL  the  0iDTOunding  country,  the  exterior  height  of  the  wall  being  generally  one-half 
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or  Qfi««tJlfnl  of  tbe  interior,  rtf:,  thors  i»  no  proportion  bo  t ween  the  diameter  &nd  doplh  of 
tho  mmuloi'  nioui^talnif  lli«  itatLler  otien  being  BomGtimea  deeper  than  the  Larg^  onet. 

Tbe  wnllcd  tnountaini  form  but  a  small  portion  of  the  clrcnlar  formations  on  tiw 
moot!-  Far  more  nnmcrous  tlian  thg&e  are  the  crai^rsj  by  which  name  are  designated 
the  smaller  oonuavitiea  which  present  little  or  no  nivpearaiioe  of  a  wall^  omd  oome  of 
which  arc  so  m inula  that  thej  can  scaitidy  hi  portaeired  with  the  host  teleEtx^pea.  Ib 
some  parts  the y  in  so  numerouaj  that  the  lunar  Burface  preBsnto  the  appearance  of  a 
flpongy  mii»9  (KjtmwI  with  innumerable  mlniito  poret.  Borne  of  tbes«  craters,  bidiiII  aa 
thoy  appeftr,  ftre  ftirnUhed^  like  flioae  of  the  former  diss,  with  a  miniature  peak  in  tlie 
centre.  TKeae  are  found  at  all  portions  of  the  moon,  and  are  very  plentiful  in  tbe 
interior  of  tho  walled  concaritie4  and  plains^  in  the  to^ky  chains  and  seae,  and  tbo 
level  itirfacei.  When  the  moon  h  full|  they  appear  as  biight  speeds.  Tbcy  require  a 
favourable  time  to  be  r:ccn  at  all  properly,  fur,  unless  the  sun  Is  at  a  favourable  alti- 
tude^  they  can  Bcarcely  ha  pereeived. 

In  viewing  the  moon  when  at  full,  several  radiatiiig  bright  itreame  will  be  notac«d 
proceed  In  g  fWmi  many  of  the  moan  tains,  which  pass  to  considerable  distancee  from  theit 
apparent  centres.  Keuo  of  the  mountains^  however,  are  aurrounded  by  thoao  bright 
radinting  strenks  to  tho  same  entent  as  Tycho,  and  many  of  them  proceed  to  m  dietaiuif 
of  AOO  ntil^.  U  la  scarcely  po«aible  to  imagina  that  theaie  could  be  streams  of  lartf 
whkh  flowpcl  from  the  oentTml  eruption,  and  it  is  more  plfluoibly  corojeetured  that  tbey 
fflusl  have  Ho  wed  upwards  through  flssureSf  prodaced  by  the  cenixal  ezpktstoft  of  thft 
volcano.  In  either  case, 
however,  it  moy  serve  to 
ffivo  an  id*ja  of  the  tremen- 
dous foroe  of  action  required 
in  order  to  cause  theas  ap- 
p<rirancL*s,' 

M»miit«ia9,— The  height 
of  tbe  luni^r  meuniaine  ia 
found  cither  by  obs^rvinf  the 
di^itaiice  of  the  illumined 
summit  of  a  mountain  irom 
the  generally  iilumiiiated|ioi^ 
tlim  of  its  eurtaee ;  or^  otJMr- 
wite,  by  the  \vngth  of  th« 
^wkw  which  it  cmaim  npoa 
tli«  plane.  Boih  these 
methiMU  will  be  «aaily  nn- 
<knrd«4  fram  tlM  f^Uowin^ 
fomidfMCioai,  IndelcRidm- 
tijr  tMr  hei^H  tke  fi^rMcr 
of  tli*iUaniite4cwnnui  m  (Fif.  in  h^m  Au  maa^a  iU»* 


fif.*:. 


fir^  if. 


M  «^f  ^ori  vt  fMc^iwtlal  it  it  a  tsngem  to  U^^ciidk  p  §  r^.    KiMivInf  tti 

l«>»«fa»^Kia«^ortWT^Ia^M  trvanfkt.  w«>aUAate  #  a  =^  V  i«fi^^ 

^A^ffUMoiief  t^iQdvatsui  fSn»i  the  c^^m  wf  the  bimh^  ttl 

ii«£» # /,  te nsa^ltr fiT«i tW kntin «f  tbt MiQB abOT« tfct 

By  Hhta  M<Mi  V*  itti  lb  hf^M  in 


BRIGHT  SPOTS  l:^  THE  LtNAR  DISC.  251 


oli>  Ifcm  if  w#  otoirre  it  wttinf  en  At  limh  of  tlw  iiiiWtt.  Iti  kdfht  Bttf  tttdlf  bu 
oluerred  in  &«t.  In  geo^Tal  tJui  metbod  will  giT«  too  miAll  &  valuA  of  th«  hd^t^ 
w  th«  Attn  mty  haTe  tk^na  on  tJie  moniitaiii  for  too  gMit  t,  length  of  tune  i^rafioiiilj'. 
It  ^ttl^  this  meftOft  llui  Hc^rdiiu  ind  Gmliloo  ucerUined  tho  he^hta  of  rnimy  of  tfai 
lunar  moantdnsi  foms  of  which  »pp««f«d  to  b«  M  high  tt.flvo  EngUih  milei,  If oro  ra^ 
c«mt  obMrratioiii  hare  shown  them  to  be  rerj  high,  though  not  of  luoh  a]  titUilo  u  thtf* 

"niii  metbodi  howerer,  ii  not  applkahle  tmkM  the  moon  ii  in  quadrature^  or  hal^ 
Inll,  Tim  MOimd  mathod  h«a  hocn  mom  eommoolf  mado  use  of  o&  thftt  ftceouni  Aa 
the  moonttia  «  (Fi^  4§)  oaiti  the  ■hadow  a  0,  tho  length  of  thia  11  m^BsaoA  by 
memii  ^  tb«  mkiooieter.  DeHribi&g  tho  oirelo  jr,  q^  r,  «,  the  tolar  ray  direetod 
tQwaida  I  /  win  mi  tKe  oiido  m  /.  The  diitance  c<r  ^  ntf  being  mcafUTodi  and 
the  nidiai#«  known,  and  ih^  two  ndoa  of  the  right-angled  triangle  0  0'  cf^  the  angle 
6ff  d%§  IcaovSt  and  oanaef^oentlf  the  angle  0  ^  m\  In  the  bri&Tigle  e  1?  a'  wo  thni 
bow  tho  aidCT  0  e;^  and  «"  o,  and  the  iaduded  ftnglc,  tnd  oonncquentlj  tbo  lide  0  if. 
Bubtraoting  the  radjna  0  d^  the  heig|i£  ol  the  moimtam  caating  the  ihadow  a  «*  le 
determined. 

Many  obs^^rert  luTO  perceired  briglit  spoU  on  the  dark  partim  of  the  lunir  due. 
Sir  W.  Henohel  dieecribefl  thre*  whieb  lie  on&o  bkw  upon  it,  two  of  which  eppeared 
■Imoil  tztinet,  but  the  third'  was  niot«  luTni- 
nouif  md  retemhied  a  piece  of  buming 
duMOtl  ocFfered  with  white  aahcs.  A 
Biailcr  afrpearanoe  waa  once  noticed  with 
the  naked  e^  by  two  obacrvcra  at  Norwick 
ltd  LciQdoa#  When  the  positions  of  ihose 
MfoHm  ^BTC  bMtt  examined,  it  has  been  found 
ftl^  tiuf  m  ilniiwt  always  situated  at  tho 
brightest,  and  conacqucntly  the  tnoat ntli?c- 
tive,  portione  of  the  lunar  surface,  Wlitn 
the  di^  of  the  mcon  is  ill u mined  by  tnvth- 
%J^  aa  ia  the  ca4«  when  slightly  crf^ccnt, 
or,  as  it  la  commonly  colled,  tho  "  rild 
mootn  in  the  new  moon's  aTms'*  (Fig.  49). 
Those  bright  parts,  which  return  most  aun 
light,  also  reflect  the  earth's  Uglit  etmn^or  Fli-  4j>. 

than  any  others*  The  mountains  Kepler,  Tycho,  and  GopcmiGUS  are  thus  frequently 
Tiaiblo  in  thii  manner^  as  also  ih^  bright  monntainous  distriots.  But,  abore  sl\  Aria- 
t4ircJm9  is  mo«t  commonly  visiblo  tki  thofl«  timm.  This  is  the  brightest  part  of  tbo 
moon,  and  was  thought  by  HeveUus  to  be  &  burning  volcano  of  inlphur  and  saltpetre. 

In  the  engraving  at  the  head  of  thl^  chapter,  lot  iis  suppose  B,  the  eartbt  to  be 
opposite  tho  sun  In  the  tropifi  of  Cflprieom  on  the  21flt  of  Deoembpr,  the  longest  night 
to  the  yetr,  and  moon  fuU  in  the  tropic  of  Caneer,  the  horizontal  line  to  be  our  horizon, 
showing  that  the  dinmal  arc  of  the  etm  is  smatl^  while  the  moon  has  a  Tcry  largo  one  to 
bwv^rae*  The  c<witr«rr  of  thi*  take*  pb  ce  in  th  e  summer  solitice.  This  ciplains  why  the 
moon  in  immmor  seems  to  describe  a  Ycry  sm  all,  ond  in  winter  a  Tory  large  arc.  C  repre- 
sents the  moon  in  various  positlone  in  reference  to  the  o^rtb  and  the  sun.  In  the  first  and 
iiicond  %nrea  she  is  in  conjunetion,  or  directly  between  the  earth  and  the  sun.  I  a  the 
next  %n2'0i  the  earth  is  interpoeed  between  the  sun  and  the  moon.  D  ah  0 ws  how  the  elUp- 
tiool  orbit  of  pknots  is  produced  by  the  co-operation  of  attrietire  &nd  tangential  forces. 


ON  THE  PLACETS. 
Axaim  tlie  more  luiitrQUfl  objects  vMcJi  artr^  dot  atten^oii  m  ibe  lieftTens  are  thorn 

emtic  ooufsfr  u&oog  tli«  &Eed  etara.  Hie  T^riable  bri^btue^  of  Yeniiflt  tbe  mamiDl 
inJ  n^eaiing  star,  at  irell  ■«  tboie  vMeh  tpp«ir  »t  all  tiiuei  of  the  ni^t,  cliiim  oof 
ftttetitiQti  eqmiJlj  with  the  iun  and  moon.  FiTe  of  thorn  objects  wfre  known  to 
t^  iraeieiitt^MorciiifX,  Vesitf^  Mu«^  Jvpit«r<,  md  S«tntii ;  th«  first  of  which  is  but 
raPilT  aMQ  uiUi  the  naked  eve  io  our  ktitiidee,  m  euiueqtieikce  of  iia  constmt 
pnmmitx  to  the  iun,  iltbougli  a  spuliliiig  object,  md  roueb  hng^ter  than  say  of  tb« 
fixed  tt^tn.  llie»e  bodies^  it  will  be  pcrv^tred,  do  not*  lite  die  soil  and  idoob,  mOTe  in 
one  CMistanl  directioiL  fftvi  vest  to  mm^  hot  ftometii&eft  diiec^  sometimes  i«tro- 
ptd^v  ukd  ftt  «rtli^  til  I'll.  ^ati<!ii«tx.  It  w  tioilced,  Ifeower^,  by  the  andentA,  thit 
v^ter^  ttigbt  l«  iheo'  ttoirs^ests  in  bngitudev  their  ktitadea  did  not  depart  ismik 
tKm  tha  edii»tie :  and  a  aone  <X  16~  in  braadth,  or  S^  notih  aad  aooih  of  the  €<di^ 
B  IX  e«Btain#d  all  the  aneieBt  plancti^  Thif  waa  tenoed  hr  ibtm  iha  rodiac,  and  wis 
diTided  into  twi^T«  «^iial  portMna,  iht  mga^  at  whic^  it  c«)t  the  eqaaJbav  or  the  Une 
of  the  ^imos!^$^  being  m  the  <«n0elktiocs  Jbies  aad  CapckonnL 

If  Tfmas^  the  nott  btijliaat  ol^  all  the  pkaie^  be  6ba»¥vd  m  iA  paici^  thiou|^ 
Aa  hmv^mt^  it  wiU  be  anh  thai  m  the  courae  «f  a  firw  ttmaha^  ^  ittmbea  im  the  i^ 
a  rvj  imfTskf  eiiicl«i  and  that  it  oacHbtw  ti>  a  o«ftwi  ^laaec  ob  cadi  ade  of  tbo 
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tally  ■onMtiiiMS  ziiixig  before  it  in  great  brilliancy  in  the  morning,  and  subsequently 

tetting  tfteritinthe 

Bf&Kibigt  md  then  ibr 

alength  of  time  being 

dtoflrther  Inrliible  to 

the  Bftkid  eye  (Fig. 

50).    It  thng  appeart 

at  en  epoeh  nearly  in 

the  ainetkm  of  the 

am  8,  it  then  pasMa 

from  8  to  Ay  and  then 

leUuna  ftom  A  to  S ; 

and  having  paaeed  the 

avOy  it  goea  fitnn  8  to 

B,  and  finally  letama 

to  it  in  the  oontrary 

direotiony  or  from  B 

to  8.  Whenaneyen- 

ing  aCar,  it  ia  seen 

between  S  and  A,  and 

between  8  and  B  in  ^^s-io. 

the  mandng.    Its  latitude  yariea  in  the  same  manner.    The  greatest  elongation  from 

the  ann  nerer  exceeds  47}",  and  is  never  less  than  45*^ ;  and  at  those  points  its  motion  is 

considerably  slower  than 
when  near  the  sun.  In 
order  to  explain  the  oscil- 
latory motion  of  Venus  in 
respect  to  the  sun,  the 
ancients  imagined  an  epi- 
cycle similar  to  that  al- 
ready mentioned  in  the 
cose  of  the  sun.  If  T  be 
the  position  of  the  earth, 
it  was  supposed  that  Y 
the  planet  described  an 
orbit  round  the  centre  C, 
\t'hich  had  a  motion  itself 
around  the  earth,  the 
three  points  T  C  S  being 
^  always  in  a  straight  line. 

At  the  times  of  greatest 
elongation,  the  planet  was 
in  the  direction  of  T  A 
and  T  B ;  and  in  the  in- 
termediate times  its  ap- 
parent motion  was  some- 
times from  west  to  east. 
If  Venus  be,  however,  examined  with 


Fig.  51. 
and  at  others  from  east  to  west,  or  retrograde. 


2H  ILLUMINATED  DISC  OF  VENUS. 


the  telawope  at  iU  various  distances  from  the  sun,  it  wiU  be  seea  th«b  il»  djuuneter 
varies  greatly,  and  that  its  diso  undergoes  a  series  of  changes  similiur  te  tbo«e  of  t^ 
moon.  By  observing  those  in  its  different  positions,  it  will  be  porfecily  ajpp«mi  that 
they  agree  with  a  motion  of  the  planet  round  the  the  sun,  it  bong  tappoted  tbit 
the  planet  is  an  opaque  globular  body,  of  which  one  hemisphere  it  iUunmuiM  by 
the  sun.  If  the  sun  S  (Fig.  51)  be  supposed  to  revolve  round  the  eftrth  T  va  tlM 
direction  of  the  arrow,  and  the  Planet  Y  around  the  sun,  at  the  point  V»  wh«re  it  iff  is 
a  line  with  the  earth  and  sun,  and  the  hemisphere  turned  towards  both  iUmnitted  bj 
the  latter  body,  its  disc  will  appear  wholly  illuminated  by  the  latter,  Ai  tb»  pointi 
V  and  V",  where  the  angles  S  V  T  and  S  V"  T  are  right  angleo,  the  pltnc*  will 
appear  as  half-full.  At  the  point  V"  the  illuminated  portion  will  be  completely  tnisad 
away  from  the  east,  and  it  will  therefore  be  invisible,  but  would  appeat  on  tke  aon  u 
a  dark  spot,  and  at  its  greatest  diameter.  In  the  positions  between  V  and  Vf  and  V 
and  V",  it  will  appear  more  or  less  gibbous ;  and  between  V  and  V,  and  V"  and 
V",  as  crescent.  The  appearances  of  the  planet  and  comparative  siiee  of  its  diae^ 
under  these  circumstances,  will  be  seen  in  the  accompanying  representation  (Figi  62)» 
The  magnitude  of  the  illuminated  part  can  readily  be  obtained  for  any  epoch  by 
the  following  simple  construction  : — The  plane  of  projection  being  perpendicular  t&  a 
line  joining  the  earth  and  Venus,  the  boundary  of  the  illuminated  hemisphere  irill  b9 


Figr.  52. 

projected  into  an  ellipse  more  or  less  eccentric  upon  it,  and  the  minor  axis  will  be  ia 
the  same  proportion  to  the  major,  as  the  radius  is  to  the  cosine  of  inclination  between 
the  two  planes.  The  inclination  is  the  angle  at  the  centre  of  Venus,  formed  by  lines 
drawn  to  the  sun  and  earth. 

The  greatest  and  least  diameters  of  Venus  are  about  60"  and  10",  as  seen  from  the 
earth ;  and  it  follows  that  if  r  be  the  distance  between  the  sun  and  Venus,  that  the 
j^eatest  and  least  distances  will  bo  1  +  r,  and  1  —  r  between  Venus  and  the  earth. 
The  relative  distances  of  Venus  and  the  earth  from  the  sun  may  therefore  \e  found,  as 
the  extreme  distances  will  be  in  proportion  to  the  extreme  diameters,  or 

1  +  r  :  1  —  r  :  :  60  :  10,  or  r  =  ^  +  072. 

70 
The  distance  of  Venus  from  the  sun  is  therefore  y^  of  that  of  the  earth. 

Whilst  the  planets  Mercury  and  Venus  can  only  be  separated  by  a  certain  distance 
froM  the  sun>  and  only  perceived  in  the  mornings  and  evenings,  the  other  planets 
which  are  known  at  the  present  time  can  be  seen  at  all  parts  of  the  sky/ and  paaa  tbe 
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isn  •!  aiidmiglil  when  it  is  in  oppoaiticm.  The  flnt  are  etlled  the  iniiiiior,  the 
tlM  tiiperlov  pUmett.  The  apperent  cotine  of  the  latter  in  the  aky  an,  heworery 
J  Inegular  as  the  ibnner,  for  the  greater  part  of  their  rerolutioB  they  are  direot, 
r  %  ilUNrt  time  retrograde ;  their  motion  is  sometimes  slow  and  sometimes  futy 
hcdr  latitude  is  equally  -variable.  Mars  returns  to  the  same  position  in  the 
IS  in  687  days,  but  preserres  its  direct  motion  for  707  days,  whilst  ite  retrograde 
1  Taries  between  61  days  and  81  days ;  but  the  direct  motion,  combined  with  the 
rede  motion  ^hich  follows,  comprises  about  780  days  on  the  average.  When  in 
Lotion  with  the  sun,  its  motion  is  always  direct;  but  when  in  opposition,  it 
es  retrograde,  and  the  arc  of  the  latter  may  vary  between  10°  and  19)°.  Jupiter, 
I,  Uranus,  &c,  are  in  a  similar  manner  retrograde  at  opposition,  and  direct  at 
iction.  Its  di- 
otion  continues 
K)ut  278  days, 
the  retrograde 
116i  to  122^ 
the  arc  of  the 
)eing  constantly 
ut  10'.  In  a 
r  manner,    the 

during  which 
L  moyes  in  the 
of  the  signs  is 
lys,  and  the  du- 

of  retrograda- 
tnay   vary  be- 

135}  and  138^ 
he  arc  described 
gbetween6°40' 

*  65\  The  manner  in  which  these  various  motions  were  accounted  for  by  the 
ts  was  the  same  system  of  epicycle  already  desciibcd  for  Teous,  but  some  slight 
cation  was  introduced.  The  planet  M  (Fi^.  53)  was  supposed  to  describe  an 
le  in  such  a  manner  that  the  radius  C  M,  which  joined  it  to  the  centre,  was 
j1  to  T  S  at  all  parts  of  its  orbit,  as  C  M'  to  T  S',  &c.  If  the  different  positions 
n  in  reference  to  direct  and  retrograde  motion  he  examined,  it  will  be  fbu»4  to 
sloseiy  with  this  explanation. 

was  by  this  system  of  epieyde  and  deferent,  tiukt  Ftelemy  aeceuBted  for  the 
nt  motions  of  the  planets  in  their  paths  through  the  hesrens,  and  he  endeavoured 
Bge  the  radii  and  motions  of  the  ^cycles  in  such  a  manner  that  they  would  agree 
keohserved  appearances.    As,  however,  new  inequalities  were  brought  to  light, 

lound  to  be  impossible  to  explain  them  by  those  single  epieydcs^  and,  in  most 
a  compound  system  of  ^'  wheel  within  wheel"  had  to  be  constructed  in  order 
lin  a  more  approximate  similarity  between  the  cakulated  and  observed  places. 
ore  simple  Ptolemaic  system  will  be  pereeived  from  tho  following  diagram  (Fig. 
Vhe  earth  T  is  plaoed  at  tho  eentre,  next  to  which  is  the  moon,  L,  which  per- 
a  revolution  in  29|  days.  Next  to  the  moon  is  plaoed  McKVUiy,  m,  whose  period 
days ;  beyond  which  Yonus,  Y,  is  situated,  with  a  period  of  5S4  days.  The  sun, 
t  ooenrs  in  the  order  of  distances,  then  Man,  Jupiter,  and  Saturn  successively, 


Fig.  33. 
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as  their  distances  from  the  earth  were  judged  to  be  greater  or  lesser,  according  i 
length  of  time  which  elapsed^between  their  successiye  returns  to  the  same  point* 
heayens.  It  will  be  seen  that  the  radii  drawn  from  Mars,  Jupiter,  and  Satuxn, 
centres  of  their  respeotiye  epicycles  always  remain  parallel  to  the  line  which  joi 
sun  to  the  earth,  and  that  the  centres  of  the  epicycles  of  Mercury  and  Yeni 
always  in  the  same  line  with  the  earth  and  sun.    Plato  considered  that  the  son  i 


Fig.  51. 

be  placed  nearer  to  the  earth  than  Mercury  and  Venus,  as  these  two  latter  planets 
neyer  seen  upon  the  disc  of  the  sun ;  but  it  does  not  interfere  with  any  of  the  £>rej 
explanations  or  appearances  on  which  side  it  is  supposed  to  be  placed.  At  this  px 
time,  this  could  not  remain  arbitrary,  as  the  phases  and  yariable  diameters  o 
planets  would  prove.  It  would  haye  been  much  more  natural  for  him  to  have 
the  planets  Venus  and  Mercury  reyolye  round  the  sun,  but  as  it  was  not  poasih 
him  to  do  this  in  respect  to  the  superior  planets,  it  was  likely  that  he  would  not  i 
it  on  that  account. 

Ccp^miean  S^ttem.^After  the  Ptolemaic  system  had  been  received  amoii{ 
learned  for  so  many  ages,  who  were  educated  in  the  belief  of  the  heayens  ''  with 
and  epioyde  soribUed  o'er,"  it  was  a  difficult  task  which  Copernicus  had  to  eoa 
with,  when,  with  all  those  motions  partly  accounted  for  by  the  Ptolemaic  syBton 
endeayoured  to  reconcile  all  by  far  more  simple  machinery.  How  far  the  Sfxpfion 
of  former  astronomers,  however  true  they  were  found  to  be,  essentially  agreed 
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nlMwqiiently  enunciated  by  him,  \»  of  little  conteqoenoe,  as  the  idea  of  plaoing 
■A  the  centre  of  the  syatem  is  but  a  small  portion  of  the  glory  of  his  disooyeries, 
Nmiisted  in  explaining  all  the  apparent  motions  of  the  sun  and  planets,  and  the 
of  seasons,  on  the  most  simple  grounds.  The  Egyptians  had  conjectured  that 
lets  Mercury  and  Venus  might  reyolye  about  the  sun,  and  others  supposed  that 
h  was  itself  in  motion  around  that  body,  but  no  further  progress  was  made  in 
jeoture ;  and,  although  it  might  haye  arrested  the  attention  of  Copernicus, 
ith  many  other  of  the  dreams  and  speculations,  it  could  not  afford  him  any 
to  the  system  he  dereloped. 
system  of  Copernicus  is  represented  in  Fig.  55.    The  sun,  S,  is  here  the  centre 

great  orb,  and  the  planets  Mercury,  Venus,  8 

th,  Mars,  Jupiter,  and  Saturn,  m,  V,  T,  M,  •^"^'^  ^-^ 

toItc  about  it  in  regular  order,  and  all  in 
le  direction.  The  moon  was  held,  as  in  the 
dc  system,  to  have  a  direct  motion  around 
th,  but  was  now  made  to  accompany  it  in 
ae  manner  as  a  subsidiary  planet;  and, 
:  to  explain  the  rising  and  setting  of  bodies, 
diurnal  motion,  the  earth  was  supposed  to 
motion  on  its  axis  in  twenty-four  hours, 
irhich  haye  already  been  explidned,  all  tend 
im  it  as  the  true  system  of  the  heayens, 
he  phases  of  Venus  and  Mercury,  and  many 
roofs  hereafter  to  be  giyen,  tended  further 
it  beyond  doubt,  while  its  simplicity  and 
)hical  spirit  led  to  its  being  generally  ac- 
Iged.  The  motion  of  the  earth  was, 
r,  greatly  opposed  by  many  of  the  learned  at 
le,  and,  among  others,  Tycho  Brah^  endea- 
fco  form  a  system,  in  which  all  the  apparent 
would  be  expiated  on  the  suppoiition  of 
nobility  of  the  earth,  which  he  considered 
ly  apparent  from  the  absence  of  a  sensible 
parallax  of  the  fixed  stars,  as  well  as  from 
e  judged  to  be  the  improbability  that  an 
e  body,  like  the  earth,  would  moye  at  so 
rate  in  space. 

system  framed  by  Tycho,  which,  at  the 
time,  is  preseryed  only  as  one  of  the  curiosi- 
Bcientific  history,  is  a  combination  of  the 
can  and  Ptolemaic  systems.  The  earth  T  is 
pposed  to  be  stationary,  the  planets  reyolye 
le  sun,  but  the  Bun,  accompanied  by  all  these 
reyolye  around  the  earth,  in  exactly  a  similar 
to  the  moon.    Whilst  it  explains  the  yari-  Fig.  55. 

ions  of  the  sun,  moon,  and  planets,  it  must  at  the  same  time  be  regarded  as 
philosophical,  and  as  only  fitted  for  the  prejudices  of  the  age. 

I  and  BateognUUtions.— The   yarious   progressiye   and  retrograde 
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Bu>t«mi  of  the  phmeta,  fsplauied  b j  the  cumbrons  mtchineiy  of  the  Ptoleaaie  ayibm, 
on  the  foppoflitiea  «f  the  earth  being  etationftry,  follair  nsfeartUj  firom.  the  mxcnim 
njotjong  of  the  plMwte  themadTei^  o<mibuied  with  that  of  the  eai1h»  inthe  traeeyBteniflf 
theti]iiYesiey8iid,iBdeed»]edtheiUii8trio«sCSoperiueuBto^  The  two 

inferw  phuiete,  lleroiuy  aad  Yeans,  laove  round  ^  i^ 
if  S  be  the  tnn(F%.  66)^  YYeinii  at  inieriaroonj  unction,  e&dT  the  earth,  thepl^ 

pasa  through  an  oro  Y  Y'  of  its  orbit,  in  the  son 
time  that  the  earth  passes  through  the  smaller  an 
T  T'  of  its  orbit.  IHie  planet,  therefore,  hai 
a|ipeared  to  more  quieker  Ihaai  the  earth  in  the 
direction  of  the  arrow,  which  is  in  a  retrogeade 
direction.  li^  howeyer,  Yenus  is  found  at  superifli 
conjunction  with  the  sun,  and  it  passes  from  Y"to 
Y'"  in  the  same  time  that  the  £«rth  moves  froai 
T  to  T',  it  will  appear  to  move  in  a  contrary  seist 
to  the  arrow,  and,  therefore,  direct.  Between  than 
two  points,  the  planet  will,  of  course,  be  fmimatsrl 
with  different  rates  of  motion,  and  at  eeitui 
times  will  appear  quite  stationary  in  the  heareni. 
If  the  earth  was  fixed  at  T,  the  planet  would  appsv 
stationary  at  the  point  of  greatest  elongation,  ii 
it  is,  however,  the  planet  and  earth  must  be  both  moving  at  the  same  rate,  and  in  tbi 
same  direction,  in  order  that  the  former  may  appear  stationary.  The  dnration  of  tin 
retrograde  movement  of  Yenus 
is  only  three  weeks  before  and 
after  the  time  of  inferior  con- 
junction. 

The  superior  planets  bear  the 
same  relation  to  the  earth  as  the 
latter  does  to  Yenus  and  Mercury, 
so  that  when  the  earth  is  sta- 
tionary for  any  of  those  planets, 
the  planets  appear  in  the  same 
manner  to  be  stationary  to  the 
earth.  The  progressive  and  re- 
trograde motions  of  the  superior 
planets  may,  therefore,  be  ex- 
plained in  neaily  the  same  man- 
ner. If  H  be  Mars  in  opposi- 
tion (Fig.  67),  as  the  earth  moves 
more  rapidly  in  its  orbit  than 
the  planet,  it  will  pass  from  T  to 
T',  whilst  Mars  only  moves  from 
M  to  M',  so  that  whilst  it  was 
first  seen  in  the  direction  T  M, 
it  win  afterwards  appear  in  the  direction  T'  M;  or,  in  other  words,  the  planet  irfl 
appear  to  have  fallen  back  in  the  manner  indicated  by  the  anrow,  or  in  iietrogrt^ 
direetion.    Wben  tho  planet  is  in  tom^vm&Uon.  ^^Ri&LVlaA  wc^oc  it  W%  whiht  it  panel 
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to  V",  thf  Mrth  will  hare  moT6d  ftom  T  to  IT  in  tlM  owCrftiy  diitotoi,  bo 
ffanet  wffl  appear  to  moTo  ia  a  direot  aeaie,  or  acoording  lo  tlia  order  of  the 
Iboi  an  tiie  superior  planets  are  retrograde  at  the  time  of  oppoutioo,  beoauee 
Hon  it  iloweor  tban  thai  of  the  earth ;  and  at  the  time  of  conjunction  they  are 
Bno^  beoania  moring  In  the  eontrarj  direction.  Between  those  points  the 
in  appwr  aa  stationary  at  that  part  of  its  orbit,  when  the  earth,  passing  from 
win  ba  so  obKqne  in  regard  to  M  M'  that  the  lines  T  M  and  T'  M'  will  be 
;  and  as  the  distances  of  the  stars  are  immense  in  comparison  with  any  of 
Billy  fha  Hum  T  K  and  T*  M'  will  be  dirtoted  to  the  same  point  of  the  heayens, 
pittal  will  appear  exactly  in  the  aama  position  in  respect  to  any  fixed  point  or 


i  tk%  SloBgatioa  off  a  VUaot  -wlien  Stationaxy  is  a  difficult 
L  the  inolinations  and  ellipticity  of  the  orbit  are  token  into  consideration ; 
tha  praaeat  time  it  ia  more  a  matter  of  ^r 

'  than  interest,  the  orbit  nay  be  oon- 
a  eironlar  without  much  error,  andsitu- 
le  same  place  as  the  ecliptic.  Let  S  (Fig. 
M  son,  T  the  earth,  and  M  the  position 
aear  its  statienary  point,  then,  when 
'h.  passes  tmm  T  to  T',  the  planet 
yt  ftoffl  M  to  M'j  and  the  lioes  M'T, 
laybe  aonsidered  as  parallel,  as  beliDre 
1  Consequently  M'T  S— If  TSs? 
l[TSn:T6T';andinthe  same  man* 
r  — BMr-cSr'T'  —  BWT^ 
Whence  it  follows  that  the  angular 
la  at  T  and  M  are  proportional  to  the 
S  T'  and  M  S  M' ;  or  as  the  angular 
}  arc  inyersely  asthe  periodic  times,  then 
T I  =  putting  a  r=  S  M,  and  S  T  s  unity,  the  sines  of  the  an^  M  and  I 
n  the  ratio  of  their  opposite  sides,  or  as  « :  1,  and  the  cotampoKary  TariatioBS 
igles  will  be  as  their  tangents ;  or, 


Flf.M. 


Q  T    sin  M 


J 


sinT 


sinM 


;^^3^^^^^^^>^^^°^Vi^(siu»TV(l-^sin^M 


J: 


And  8in»  T  = 


aS—l        a«-fa  +  l 


,  andunXi 


in  in£Brior  planet  the  M  and  M  may  represent  the  plaee  cf  the  earth,  and  T  and 
sitions  of  Mercury  and  Venus.  Thus  if  the  mean  distances  of  the  earth  and 
>  taken  at  100,000  and  72,333,  then  sin  T  :::  0*48264,  the  sine  of  W  BV,  or  al 
e  of  elongation  from  the  sun  the  planet  is  stationary. 

»tennine  the  time  when  a  planet  is  stationary,  the  time  of  conjnnetiott  or  oppo- 
lat  be  known.  If  m  and  n  are  the  daily  motions  of  the  earth  and  planet,  then 
r  fi  ^  m  is  the  daily  variation  at  the  angle  T  S  M,  as  it  is  a  Sttperior  or  inferior 
theii| 

^TSM 


:r:}  =  ^TSM;:lday 


\ 
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Phases  of  the  Svpezios  Planets. — None  of  the  superior  planets  show  the 
same  succesaion  of  phases  as  Mercury  and  Venus ;  and  only  one  of  them.  Mars,  is  near 

enough  to  the  earth  to  show  any  appearance  of 
departure  from  a  full  disc,  the  illuminated  hemi- 
sphere heing   turned  nearly  always  towards  fhe 
earth.    The  point  of  its  orhit,  at  which  Mars  will 
appear  most  gibbous,  will  be  at  M  (Fig.  59) ;  at 
the  points  M'  and  M",  when  at  opposition  and 
conjunction,  its  illuminated  hemisphere  wiH  be 
wholly  turned  towards  the  earth.    The  diminution 
of  its  disc  from  a  complete  circle  is,  howeyer,  Teiy 
sensible ;  and  a  small  table  of  its  defectiTO.  iUmni- 
nation   is    given  in  the   Nautical  Almanac  far 
every  month  in  the  year.    It  is  wholly  insensibla 
in  Jupiter  and  Saturn,  and  to  reduce  the  observa- 
tion of  the  limb  to  the  centre,  it  is  only  requisite  to 
apply  the  semi-diameter. 
Kepler's  Laws. — Copernicus,  in  explaining  the  apparent  motions  of  the  planets 
in  the  heavens,  confined  himself,  it  will  be  seen,  to  circular  motion,  and  all  the  planed 
were  supposed  to  revolve  round  the  sun,  as  a  centre  in  circular  orbits,  wbdch  ho 
considered  the  most  natural  of  any.    It  has  already,  however,  been  seen  that  the 
sun's  motion  in  its  orbit  is  not  equable ;  nor  will^it  be  explained  by  supposing  the  earth 
to  revolve  in  a  circle,  of  which  the  sun  is  placed  eccentrically  to  the  orbit,  and  that 
it  can  only  be  accounted  for  by  supposing  that  our  planet  moves  in  an  ellipse,  of 
which  the  sun  is  placed  in  one  of  the  foci,  whilst  rejecting  all  the  other  cumhroDS 
hypotheses  of  the  Ptolemaic  system.    In  order  to  explain  the  various  ineqnalitiof 
caused  by  this  elliptic  motion,  Copernicus  was  forced  to  retain  the  supposition  of 
epicycle  and  eccentric.    The  observations 

of  Tycho  Brahe,  in  the  hands  of  the  im-  a 

mortal  Kepler,  however,  threw  off  this  last 
obstruction,  and  discovered  not  only  the 
true  figure  of  the  orbits  of  the  planets,  but 
likewise  other  wonderful  laws  in  relation 
to  them. 

In  examining  the  orbit  of  Mars,  he  en- 
deavoured to  determine  the  eccentricity  in 
respect  to  the  sun,  supposing  it  to  be  a 
circle,  in  the  foUowingmanner : — Supposing 
that  D  (Fig.  06)  was  the  point  round  which 
the  motion  of  the  planet  was  uniform,  C  the 
centre  of  the  circle,  and  S  the  position  of 
the  sun,  M,  M',  M",  M'",  being  four  places 
of  Mars  at  opposition,  he  endeavoured  to 
determine  the  angles  A  D  M",  A  S  M",  in 
such  a  manner  that  the  four  points,  M,  M', 
M",  M'",  were  situated  on  the  circum- 
ierence  of  the  circle  with  the  centre  C.  By  assuming  the  distance  S  D,  and  the  two 
angles,  A  D  M",  and  A  S  M",  he  calc\]l&t&d.  tEl^onometrically  all  the  other  parts  of 
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gore,  in  order  to  determine  if  the  four  angles  at  S  made  up  860%  and  the  pointa, 

and  D,  on  the  same  straight  line.  After  seventy  most  lahorious  trials,  he  at 
h  iniyed  at  one  which  agreed  so  well  with  observation,  that  out  of  twelve 
littoni,  none  of  them  differed  more  than  1'  47"  in  longitude ;  and  he  thought 

Tyoho's  observations  might  be  in  error  by  that,  or  even  a  quantity  of  2'. 
a  compared  with  observations  of  the  planet  out  of  oppositioni  it,  however, 
ae  apparent  that  this  orbit  would  not  answer,  the  errors  of  longitude  sometimes 
lifting  to  8*,  which  he  was  persuaded  could  not  be  due  to  the  observation  of  Tycho. 
ras  consequently  led  to  doubt 
t  observations  could  be  satisfied 
ij  circular  hypothesis,  and  fnr- 
oomputation  served  to  confirm 
»ubts.  Supposing  S  to  be  the 
Fig.61),M,  Mars,  and  T  and  T', 
positions  of  the  earth,  when 

returned  to  the  same  part  uf 
rbit,  when  the  earth  was  at  T, 
stermined  by  observation  the 

M  T  S,  and  when  at  T,  the 

M  T  S.  The  distances  T  S, 
being  known,  and  the  angle 
r,  the  side  T  T',  and  the  angles 
C  and  S  r  T  will  be  known,  and  consequently  the  angles  M  T  T'  and  M  T*  T. 
aide  M  T  may  be  found  in  the  triangle  M  T  T',  and  finally  the  side  M  S 
e  triangle  M  T  S,  or  the  distance  of  Mars  from  the  sun.  By  this  method  Kepler 
mined  the  distance  M  S,  at  perihelion  and  aphelion,  the  former  of  which  he  found 
L38500,  and  the  latter  166780,  the  mean  distance  beingl52640,  that  of  the  earth  being 
ised  to  be  100000.  In  the  same  manner  Kepler  determined  throe  other  distances 
ars,  from  observation  at  different  parts  of  his  orbit,  which  he  found  to  be  166255 ; 
)0 ;  147750.  But  by  calculating  ^ese  distances  on  the  supposition  that  the  mean 
ice  was  152640,  and  the  eccentricity  14140,  the  distances  were  found  to  be 
3tively  166605 ;  163883 ;  148539.  Whence  the  errors  were  found  to  be  850, 
ind  789.    The  true  distances  of  Mars  from  the  sun  were,  therefore,  shorter  than 

calculated ;  and  as  the  line  of  apsides  and  the  perihelion  and  aphelion  distance 
truly  known,  it  followed  that  the  orbit  was  of  an  oval  form,  and  the  ellipse  being 
mplest  of  all  ovals,  he  found  that  this  was  the  true  curve.  By  examining  Mara 
my  other  parts  of  its  orbit,  he  found  that  it  agreed  closely  with  this  supposition. 

the  first  law  of  Kepler  was  discovered  by  infinite  labour  and  sagacity,  viz.,  that 
aneti  revolve  about  the  aun  in  eUiptie  orbits,  the  eun  being  situated  in  one  of  thefod, 
he  second  great  law  of  Kepler  was  likewise  discovered  by  him  from  observation, 
imparing  the  velocity  of  the  planets  in  their  orbit  with  their  distances  from  the 
>r  rather  the  areas  of  the  sectors,  and  the  arcs  included  between  the  radii  vectors 
ling  them.  He  found  that  when  at  their  apsides,  the  velocity  of  their  motion 
nversely  as  their  distances  from  the  sun,  or  that  the  planets  describe  equal  areas  in 

times  at  those  points ;  and  he  was  of  opinion  that  this  was  true  at  all  parts  of  the 
,  although  he  could  not  prove  such  to  be  the  case.    This,  however,  has  sinoA  \m«cl 
d  to  be  a  necessary  law,    and  to  follow  consequently  fionx  lihe  diocXfvsi^  ol 
»ra«l  grnvitfffwn. 
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Tb%  third  great  law  of  Kepler  connecta  the  diatanoea  of  the  planeta  from  tk  M% 
with  the  tiaie  in  which  they  make  a  oomplete  re?olutioa  about  tJi^ 
Th«  further  a  planet  ia  remoyed  from  the  tun,  the  slower  he  found,  ita 
comparing  it  with  the  abaolute  motion  of  the  earth.  The  diatanee  of  Satan  ta 
the  sun  being  nine  and  a  half  times  that  of  the  earth,  and  conaequently  if  their  nit 
of  motion  were  alike,  the  period  in  which  Saturn  would  perform  a  complete 
tion  would  be  nine  and  a  half  years.  It  ia  apparent  that  the  periodio  timoa  do  sat^hii'. 
erer,  increase  according  as  the  squares  of  the  distances,  aa  in  thnt  oaae  the  p«iei^ 
time  of  Saturn  would  be  upwards  of  ninety  years,  whilst  in  reality  it  ia  aboat  Airij^. 
After  numerous  and  laborious  trials,  Kepler  at  length  found  out  the  remaiMk 
analogy  that  the  squares  of  the  numbers  representing  the  periodic  time*  %cer$  et^ 
proportional  to  the  cubes  of  tlieir  mean  distances  from  the  awu  Gompaiing  the  eaiik  wk-. 
Mars  for  example,  we  find  that  (365-2564)2  :  (686-9796)2  : :  100000^  :  16236»».  il' 
of  those  remarkable  laws  were  afterwards  found  by  Sir  Isaac  Newton  to  be  neoeMlf 
consequences  of  the  laws  of  gravitation,  and  thus  what  was  deduced  by  Kepler  fria; 
observations  on  one  particular  planet,  and  at  one  particular  point  of  ita  <n^i^  v* 
verified,  and  found  to  be  universally  applicable  to  the  whole  solar  system,  and  to  &A 
a  connecting  link  between  all  its  members. 

From  the  third  law  of  Kepler  the  mean  distance  of  a  planet  from  the  aun  oanbeieitif 
calculated,  and  with  much  less  difficulty  and  more  accuracy  than  by  direct  obatrratioiik 
The  periodic  time  may  be  found  by  observing  the  time  of  the  planet's  paaaage  thioi^ 
the  nodes,  and  by  observing  the  intervals  between  the  ascending  and  descending  aede^f 
and  the  descending  and  ascending  (which,  if  the  orbit  is  an  ellipse,  will  not  be  exn^ 
alike) ;  a  value  of  the  eccentricity  may  be  obtained  from  the  greatest  difiEerence  beiwidi' 
the  true  and  mean  anomalies,  or  the  equation  of  the  centre.  To  determine  tiie 
distance — supposing  <  to  be  the  periodio  time  of  the  earth,  and  r  that  of  the  planet^  ^ 
being  the  mean  diatanee  of  the  earth,  and  A  thftt  of  the  planet,  we  haya 

<«  :  t2  ::  D3  :  A^,  whence  A  =  D  X  {-Y 

The  longitude  of  the  planet  in  the  nodes,  or  the  longitude  of  the  mate,  may  W 
determined  ftom  two  helioeentrio  latitudes  and  longitudes. 

Telescopic  Appeezance  cf  tke  Flanete.^The  planet  Mercury  appeara  inir 
all  the  phases  of  the  moon  and  Venus,  but  ia  seldom  visible  in  our  latitudes  to  Ai 
nrioed  eye,  as,  when  most  favourable  for  <jiat  purpose,  there  is  alwaya  a  stroag  twili|^ 
and  it  ia  situated  too  near  the  mists  of  the  horizooi.  At  ita  neareat  appioaeh  to  Ai 
earth,  or  at  the  time  of  inferior  conjunoti(m,  its  i^parent  diameter  amonota  to  12^,  aai 
at  its  superior  conjunction  this  decreases  to  4" ;  at  its  mean  distanee  frfoa  the  aartk 
ita  apparent  diameter  ia  6*7".  Ita  diameter  is  upwards  of  3000  English  inle%  hal 
observers  differ  considerably  as  to  its  apparent  diameter  as  measured  by  the  mioNaMtee. 
In  aach  a  small  body  aa  thia,  it  is  almost  impossible  to  perceive  anything  beyond  the 
mere  form  of  the  disc  by  means  of  the  moat  perfect  and  powerful  teleaeopea ;  and  vm 
those  are  aometimes  rendered  uaelees  by  the  sdntiUadeoa  and  bad  definitian  of  Aa 
planet.  The  only  observer  who  has  flowed  this  planet  with  the  reqmnte  aAtentioB^ 
ia  Schroeter,  who,  by  means  of  powerful  reflecting  telesocqiea,  was  able  to  peroetfe  tM 
the  creseeat  was  not  always  regular,  but  that  sometimes  one  horn  wea  hkmtar  theft 
another.  This,  he  naturally  considered,  was  due  to  their  irregularities  on  tte  amcftaa  ef 
the  ^Umet,  a  mountain  or  chain  of  mountains,  ntuated  in  the  southern  hemiaphcae,  iater* 
cepting  the  ray  a  o£  the  sun  from  proceeding  onwaxda.    ^cbxoeter  endeaTonred  to  make 
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BMof  tliisappeuaBoe  in  determinixig  the  time  of  rotation  of  th«pU^    HeattentiTely 

atimu  lithe  iotem  of  the  diee,  and  the  degree  of  bluntneaaof  the  eoutfaem  horn  at  one  par* 

dMar  time ;  and  tibe  changes  ▼hiohit  underwent  in  a  £»▼  homa  were  found  to  he  pUi^ 

^cmptiUa    When  the  planet  reappeared  on  the  following  daf,  or  an  J  nomher  of  day  a 

iflnrwardiy  the  time  atwhieh  its  diso  presented  the  same  fiarm  was  again  recorded^ 

md  s»  on  far  any  length  of  time.    Schroeter  eoDclnded  fnmi  theee  ohserradon  that  the 

finn  of  xotatien  of  the  planet  on  its  axis  must  he  24h.  6m.,  sad  by  taking  the  extreme 

UHS  of  obserratioD,  and  dividing  the  intenral  by  the  number  of  rerolntions,  he 

MBoIaded  it  must  haye  one  rotation  on  ita  axis  in  the  qpaee  of  24h.    His  assistant^ 

li.  Harding^  on  cmt  occasion  perceiyed  a  faint  spot  on  the  disc,  and,  by  following 

ft  nttontively,  he  arriyed  at  the  same  oonolosion  as  Schroeter.    The  latter  attempted 

DSUcriTe  at  a  knowledge  of  the  height  of  the  moustaina  by  measuring  the  deAoient 

past  of  the  horn ;  and  his  ebsenrations  go  to  prove  that  some  of  those  were  upwards 

if  twelve  miles  in  sltxtnde,  which  is  three  times  that  of  any  on  tiie  earth,  and, 

M— psiiiil  with  the  actual  size  of  the  two  planets,  ia  out  of  all  proportion.    During  the 

psasagt  of  Mercury  over  the  sun's  disc  on  November  9, 1802,  Sir  W.  Hersehel  oould 

Bc»t  perceive  any  indications  of  an  atmosphere,  nor  the  least  departare  from  the  circular 

i&ape  in  its  fonn.     Even  if  it  were  as  much  compressed  at  the  poles  as  the  earth,  ^te 

iUqiticity  of  ita  outline  would  not,  however,  be  visible  in  such  a  small  body.    Many 

observen  have  perceived  a  dusky  ring  of  considerable  extent  surrounding  the  planet  at 

^lose  times,  and  otben  have  noticed  a  bright  spot  on  its  diso  on  the  same  occasions, 

but  this  has  been  explained  on  optical  gnrands.    During  the  passage.  Mercury  ap- 

peered  as  a  very  dark  spot,  and  considerably  more  so  than  any  of  the  spots  which 

lored  CKk  the  sun  at  the  time.    The  transits  of  Mercury  over  the  sun's  disc,  which 

vill  occur  during  the  remainder  of  the  present  century,  are  as  follows  :— 

1861,  November  IL        1870,  Ukj  «.  1891,  May,  9. 

1668,  NoTvmbcr  4.         1881,  November  7.         1894,  November  10. 

Those  in  1681,  November  7,  and  1891,  May  9,  axe  invisible  in  the  northern  paxta 
of  Europe. 

Tnaisuu — Thephases  which  Merosry  undergoea  are  seen  in  a  much  mote  perceptible 
Bssmer  in  those  of  YeniM,  from  the  great  siae  and  brilliancy  of  the  planet  at  those 
times.  The  same  appeanmee  of  the  difierent  sharpness  of  the  horns  has  Ukewiae  been 
aetioed,  and  from  these  circnrnstancea  Schroeter  endeavouned  to  determine  the  period 
of  rotation  in  the  aame  manner  as  pursued  by  him  in  Mercury,  and  i^paicntly  with 
more  chance  of  snccass.  Not  only  was  the  sonthem  hom  noticed  to  be  very  bhmt,  but 
a  detached  point  of  light  was  perceived  by  him,  which  he  condnded  to  be  the  summit 
of  a  mountain  ilinmined  by  the  setting  rays  of  the  sun.  By  numerous  consecutive 
obaerrationB  on  this  planet  (continued  for  many  years),  Schroeter  came  to  tiie  oondu- 
swn  that  it  perfivmed  a  rotatioa  on  its  axis  in  the  spaoe  of  2dh.  20m.  Mi)4«.,  or,  in 
nond  numbers,  28h.  21m.  Previous  to  this  time,  Oasaini  had  perceived  in  the  clear  sky 
ef  Iti^  a  small  bright  spot  on  the  surface  of  the  pknet,  by  the  observation  of  whicht 
OB  sspmal  eanseontive  mornings,  in  the  summer  of  the  year  1867,  he  arrived  at  the 
conclusion  that  its  period  of  rotation  was  23h.  21m.  or  22m.  A  for  more  extenBive 
semes  of  observalaena  on  several  itukt/  spots  was  made  during  1726-27  by  Bianrhhrf,  at 
BoBtty  with  exoeUent  tekaeopss.  The  period  of  rotation,  as  detenmnedby  this  observer, 
from  tiMse  Bfomerous  spots,  was  very  difierent  from  those  of  Cassini  and  Sdiroetsr, 
— «— «"g  to  24d.  8h.  It  had  been  suspected  by  recent  obeervera\ha.t  a^  v^i^ak&  vkmi 
from  i3ie  spota  so  eloaelj  Teaemhling  each  other ;  and  aa  they  were  01A7  c^oaHn^^rairin^ 
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the  ereningg,  it  was  impossible  to  recognize  them  by  their  appearance  alone.  The  late 
Deyico  has  reobsenred  all  the  effects  perceived  by  Bianchini  (from  which  it  is  certain 
that  they  were  not  of  the  fleeting,  cloudy  nature,  suspected  by  Herschel  and  Schroeter}, 
and  from  some  thousands  of  micrometrical  observations,  made  both  during  the  day  and 
evening,  he  concluded  that  it  performs  its  rotation  on  its  axis  in  23h.  21m.  21*91. 
The  axis  of  rotation  was  supposed  by  Cassini,  Schroeter,  and  Bianchini  to  be  inclined 
as  much  as  70°  to  the  pole  of  the  ecliptic.  The  latter  determination  of  Device,  although 
it  does  not  show  an  inclination  so  considerable  as  this  would  prove  to  be,  shows  one 
nearly  twice  as  great  as  that  of  the  earth,  viz.,  53°  11'.  Sir  W.  Herschel,  on  one 
or  two  occasions,  perceived  spots,  but  they  were  too  faint  and  uncertain  to  give  any 
idea  of  the  time  of  rotation.  He  was  never,  however,  able  to  perceive  the  bluntnesBof 
the  southern  horn  observed  by  Schroeter,  which  is  the  more  remarkable  as  it  has  plainly 
been  seen  by  most  observers  who  have  examined  it ;  and  Maedler  has  perceived  the 
quick  changes  which  they  undergo.  Herschel,  however,  confirmed  other  appearances 
detected  by  Schroeter,  viz.,  the  brightness  of  the  outer  or  circular  edge  of  the  crescent^ 
and  the  dimness  of  the  elliptical  boundary.  Herschel  considered  that  the  atmosphere 
of  Venus  was  like  our  own,  refracting  and  reflecting  light ;  and  as  we  view  the  circular 
part  more  obliquely  than  the  elliptical  boundary,  and  consequently  a  greater  thickness 
of  the  atmosphere  comes  into  view,  this  explanation  would  be  more  in  aooordanoe 
with  the  appearances  observed  by  Schroeter,  where  the  outer  bright  portion  gradually 
melted  into  the  interior  dusky  region  that  was  observed  by  Herschel  himself — the  outer 
bright  part  being  distinctly  separated  from  the  inner,  and  appearing  as  a  bright 
colour. 

In  observing  Yenus  when  near  its  inferior  conjunction,  Schroeter  perceived,  in  the 
very  slender  crescent  seen  on  such  occasions,  a  very  faint  light  stretching  beyond  the 
pointed  horns,  whiohj  as  seen  in  an  ordinary  telescope,  would  be  the  extreme  points  of 
the  illuminated  semicircle ;  and  Herschel  confirmed  this  curious  fact.  This  twilight 
affords  further  proof  of  the  atmosphere  of  Yenus,  which  Schroeter  supposed  to  be  of 
about  the  same  density  as  that  of  the  earth,  having  concluded  that  the  hoiizoatal 
refraction  was  30}'.  In  the  inferior  conjunction  of  1849,  Professor  Maedler  plainly 
perceived  this  faint  extension  of  the  horns,  and  he  found,  for  the  horizontal  refractions, 
quantities  varying  from  39  to  48  minutes,  but  whose  most  probable  value  was  43''7. 
It  is  consequently  about  one-sixth  greater  than  that  of  the  earth's  atmosphere.  From 
appearances  noted  during  the  transits  of  Yenus  across  the  sun's  disc,  it  would  appear 
probable  that  the  atmosphere  was  very  considerable.  The  two  next  transits  of  Yemis 
will  occur  on  December  8,  1874,  and  December  6,  1882. 

The  apparent  diameter  of  Yenus,  at  its  mean  distance,  is  16"*9 ;  but  at  the  time  of 
inferior  conjunction  this  increases  to  62",  and  at  the  time  of  superior  conjunction  de- 
creases to  9|".  It  resembles  the  earth  in  volume  and  density  more  than  any  other  of 
the  planets.  Its  diameter  is  0'985  of  that  of  the  earth,  its  volume  0*957,  and  its  density 
0*923.  A  body  which  would  weigh  one  pound  on  the  earth,  would  weigh  0*91  on  the 
surface  of  Yenus.  light  and  heat  would  be  nearly  twice  as  great  at  Yenus  as  on  the 
earth.    No  compression  at  the  poles  has  been  perceived  in  Yenus. 

BKaxs. — This  planet  shines  with  a  ruddy  and  dusky  light  quite  different  frtim  any 
of  the  other  heavenly  objects.    When  at  favourable  opposition,  or  when  near  its  peri* 
helion  and  opposition  at  the  same  time,  it  is  a  very  bright  object,  and  s6  different  ton 
its  ordinary  appearance,  that  it  has  been  frequently  mistaken  for  a  new  star.    Its  ap« 
J  parent  diameter  at  its  mean  distance  is  5'''8,  but  at  the  time  of  opposition  this  can 
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inoveue  to  23",  and  at  conjunction  decrease  to  3"'3.  The  true  diameter  of  this  planet 
ia  0*619  of  that  of  the  earth,  and  consequently  its  volume  is  only  0*140  of  that  of 
this  earth.  Ita  density,  compared  with  that  of  the  earth,  is  0*948.  A  body  which  would 
weigh  one  pound  on  the  earth,  would  only  weigh  half  a  pound  in  Mars.  The  light  and 
heat  which  it  receirea  at  its  mean  distance  from  the  sun  is  0*43  of  the  cortb. 

When  examined  with  powerful  telescopes,  many  dark  spots  ore  perceived  on  the 
autfkfie  of  this  planet,  which  then  loses  much  of  that  red  colour  so  apparent  to  the 
naked  eye.  These  dusky  portions,  it  has  been  found,  are  quite  fixed  and  constant  in 
their  positions,  and  they  have  thus  been  supposed  to  be  the  seas  and  continents  of  this 
planet.  But  not  only  have  the  land  and  water  become  visible  on  its  surface,  but  like- 
wise its  climate ;  for  we  perceive,  at  its  north  and  south  poles,  bright  white  patches  of 
ligjit  which  are  naturally  held  to  be  the  snows  of  Mars  collected  in  an  immense  mass. 
This  eonjecture  is  considerably  strengthened  by  the  fact,  that  when,  by  the  position  of 
the  axis  of  Mars  in  respect  to  the 
sun,  those  luminous  spots  are  turned 
towards  that  luminary,  they  di- 
minish in  size  rapidly.  In  1781 
Sir  W.  Herschel  noticed  that  the 
southern  white  spots  were  extremely 
brilliant  and  extended;  this  was 
after  a  winter  of  a  year's  duration 
on  this  part  of  the  planet.  In 
1788  this  same  spot  was  very  small, 
but  the  sun  had  continued  for  nearly 
eight  months  above  the  horizon  of 
this  part,  and  melted  it  away.  The 
existence  of  an  atmosphere  to  this 
planet  ia  apparent  from  other  con-  Fig.  62. 

siderations,  as  at  various  times  dark,  extraneous,  cloudy  patches  have  been  noticed, 
which  have  obscured  the  planet  and  hid  the  spots  on  its  surface.  AYhen  the  snow  melts 
away,  a  dusky  and  densely-clouded  atmosphere  appears  to  hang  over  the  planet  at 
tiiose  parts. 

The  rotation  of  the  planet  has  been  determined  by  several  observers ;  and  from  the 
fixed  nature  of  the  spots  observed,  and  the  good  definition  with  which  they  appear 
under  favourable  circumstances,  it  has  been  found  with  considerable  accuracy.  Cassini, 
in  1666,  determined  it  to  be  performed  in  24h.  40m. ;  and,  in  1704,  Maraldi  repeated 
the  observation,  and  found  the  period  of  rotation  as  23h.  39m.  Herschel  made  many 
observations  relative  to  the  telescopic  appearances  of  this  planet.  He  determined  the 
sidereal  rotation  as  24h.  39m.  21*7s.,  and  the  synodical  at  24h.  38m.  20*3s.  The 
equator  of  Mars  he  found  was  inclined  at  an  angle  of  28"*  42*  to  his  orbit,  and  the 
node  was  directed  to  the  constellation  Sagittarius.  The  seasons  on  this  planet  would 
not,  therefore,  be  much  different  from  those  on  the  earth ;  but,  on  account  of  his  great 
eccentricity,  their  duration  was  very  different 

The  compression  of  Mars  at  the  poles  appears  to  be  considerably  greater  than  that 
of  the  earth,  which,  considering  his  small  diameter,  and  that  its  rotation  and  density  are 
nearly  similar  to  those  of  the  earth,  is  rather  remarkable.    It  does  not  appear,  however, 
to  be  80  considerable,  as  determined  by  Sir  W.  Herschel,  according  to^Vioxa^'^T^M^Ck  ^^  ^ 
the  polar  and  equatorial  axes  wm  as  98  to  103,  or  as  15  to  \ft.    ^^i\vTi^fe\ftT  ^^Xvcw^x^fc 
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ti^m  at  80  to  81.  According  to  M.  Arago,  it  is  more  than  ^  Harding  has  natioed 
that  the  equatorial  sides  of  ICars  sometimes  aj^ear  racy  bri^t,  and  he  thiiiln  ihafk  ^ 
irradiation  caused^by  this  circumstance  produces  discrepancies  in  the  maafurement  of 
the  equatorial  and  polar  diameters. 

The  Asteroids,  —The  present  century  opened  with  the  disooyery  of  four  small 
planets,  Vesta,  Juno,  Ceres,  and  Pallas,  situate  between  Mars  and  Jupiter,  called  astaooids 
(the  appearance  of  stars),  because  of  their  stellar  aspect  under  telescopto  exasunatiim* 
The  order  of  their  discoTery,  with  the  names  of  their  diaooYerers,  ia  as  follows :~« 
Ceres    •    .    .    January  1,  1801,  by  M.  PiazjEi,  of  Palermo,  in  Sicily. 
Pallas  .     .     .    lyCarch  28,  1802,  by  M.  Olbers,  of  Bremen,  in  Saxony. 
Juno    .    .    .    September  2,  1804,  by  M.  Harding,  of  lilienthal,  ia  HanoTer. 
Vesta    .    .    .    March  29,  1807,  by  M.  Olbers,  of  Bremen. 

These  bodies  are  sometimes  styled  planetoids,  as  more  expressiye  of  their  ehaxmcter, 
and  extra-zodiacal  planets,  because  their  orbits  are  not  confined  within  the  sodiao  like 
those  of  otiier  planets.  They  are  ezehmTely  telesoopie  objects,  and  require  the  Teiy 
best  nistnuMBtB  to  be  caught,  with  tke  ezcepCian  of  Vesta,  which,  under  favouraUe 
ciicnmstaiices,  has  been  seen  by  the  naked  eye. 

YestSy  ihe  first  of  the  groups  following  fiie  oider  of  succession  in  the  system,  is  at 
the  ssen  £itanee  of  225,000,000  of  suks  fiosa  the  sun,  and  perfoxms  a  rerdution  in 
1325  days,  somewhat  mofe  than  three  jmn  and  a  half. 

nis  planet  is  much  brig^iter  than  its  coipecrs,  and  appears  like  a  star  of  the  fowtii 
or  fifth  nngnitude. 

JnBo  is  at  the  mean  distanoe  of  254,000,000  of  miles,  and  accomplishes  tat  erbiid 
revohttion  in  four  years  and  a  hundred  and  tvesty-eight  days. 

Juno  has  a  Tery  eccentric  orbit,  Tsrying  in  her  distance  from  the  sun  to  the 
of  180,000;000  of  nulea.  This  eeeentrieity  has  a  remarkable  effect  upon  her 
for  Ab  goes  through  tet  hslf  of  her  erhit  which  is  nearest  the  sun,  in  neady  half  flit 
time  tbat  she  travels  through  the  remainder.  The  planet  has  a  reddish  eolflSO^  ipd 
appears  like  a  star  of  the  eighth  magnitude. 

.    Ceres,  the  next  in  order,  revolyes  about  the  sun  in  about  four  yean  a&d 
at  the  mean  distance  of  263,000,000  of  milea. 

The  telescope  reveals  Ceres  as  a  ruddy  star  of  the  eighth  magnitude,  under 
staaoes  which  leave  the  impression  of  an  extensive  atmoephere. 

Pallas  is  at  nearly  the  same  mean  distance  &om  the  sun  as  Ceres,  and  hwmw^F 
the  same  period  of  reyolutka. 

The  discovery  of  ^e  asteroids  was  not  an  accidental  circumstance,  hat  the  xemik  of 
a  search  conducted  upon  the  presumption  that  the  harmony  of  the  solar  sysfeani  veqniied 
the  presence  of  a  planetary  body  between  Mars  and  Jupiter.  It  was  observed,  that  the 
distance  between  the  orbits  of  Mars  and  the  earth  is  about  double  that  between  thsis 
of  the  earth  and  Venus,  or  60,000,000  of  nules;  whereas  between  the  orhits  of  Man 
and  Jupiter  there  is  the  trem^dous  interval  qt  849,000,000  of  miles,  neorij  tw9  and 
a  half  times  the  whole  distance  of  the  former  firom  the  sun.  Astronomersy  tbeis- 
fore,  became  thoroughly  imbued  with  the  notion  that  an  undiscovered  planet  ezistfld 
in  the  gap ;  and  commencing  an  active  search  of  the  heavens,  the  asteroids  wen  met 
with  in  the  vacancy. 

On  the  ground  of  these  peculiarities,  it  has  been  surmised  that  these  Ibv  SBsU 
.   bodies  have  diverged  Irom  a  common  node,  and  therefore  originnlly  loianed  a  single 
/  Jdrge  planet,  which  some  mighty  convul&ion  ahoLtteiod.     This  bold  hypothesis,  fifst 


TELESCOriO  APPBARAKCK  OF  JUPITER. 


267 


ftttttd  by  Olten,  has  reoMved  a  Terf  general  saootioQ.  It  obtaioa  «vi<ience  from  the 
powiffftil  ezplotrre  lones  in  actum  in  the  interior  of  our  own  globe,  to  which  its  toI- 
caaie  TUits  Mt  as  safctjrwyslTes ;  from  the  ]^henomena  of  meteoric  showctB,  xespeotiiig 
which  we  have  no  supposition  better  than  that  they  are  debris  which  the  earth  encoun- 
ters in  its  orbit,  fusing  upon  contact  with  its  atmosphere. 

Of  the  telescopic  appearance  of  this  group  of  planets,  now  increased  to  the  number 
of  thirty-seyen  by  the  addition  of  Atalanta  and  Fides,  both  of  which  wore  discoyered 
on  the  same  day,  yiz.,  October  5,  1855,  it  would  bo  difficult  to  say  anything.  A  keen  eye 
can  detect,  in  a  good  telescope,  the  difference  between  one  of  these  asteroids  (when  not 
less  than  the  eighth  or  ninth  magnitude)  and  a  star  of  the  same  degree  of  brightness, 
but  this  perhaps  is  the  extent  of  the  power  of  the  telescope.  Their  diameter  is  yery 
doubtful.  Some  obseryers  consider  them  as  a  few  hundred  miles  in  circumference, 
others  as  many  thousands.  The  hazy  appearance  surrounding  Ceres,  which  was  noticed 
by  Herschel  and  Schroeter,  whence  they  surmised  that  the  asteroids  were  partly  of  a 
cometary  nature,  has  not  been  noticed  by  modem  obseryers,  and  may  be  due  to  the 
imperfection  of  their  reflecting  telescopes. 

Jnptter, — This  is  one  of  the  finest  planetary  objects  to  which  the  telescope  can  be 
directed,  and  eyen  with  a  small  instrument  its  disc,  band,  and  satellites,  can  be  plainly 
seen,  and  at  each  opposition  there  is  but  little  difference  in  the  brightness.  Whencycr 
yiewed  with  a  telescope,  the  singular  appearance  which  its  disc  presents,  being  always 
surrounded  by  two  or  more  dark  belts  or  bands,  cannot  fail  to  strike  the  beholder,  and 
the  changes  to  which  they  are  subject  are  still  more  curious.     The  equatorial  portions 

arc  generally  the  brightest,  and  it 
is  at  this  part  the  bands  are  most 
distinctly  yisible.  They  are  gene- 
rally directed  parallel  to  the  equator, 
but  this  is  not  always  the  case.  The 
polar  portions  arc  for  the  most  part 
darker  than  any  other,  but  it  is  but 
on  rare  occasions  they  are  equally 
10,  and  indeed  the  whole  cloudy 
coyering  of  the  planet  is  of  such  a 
shifting  and  unsteady  character,  that 
it  may  almost  be  sasd  to  Tiry  froat 
night  to  night  La  additioA  to  tiie 
dark  bands,  there  ara  oeeasioHdly  to 
be  seen  on  the  disc  of  the  planets 
dark  spots  of  irregular  form,  whach 
are  subject  to  the  same  chaagea  as  tiie  bands,  though  they  are  frequently  of  long  duca- 
tioii,  «Bd  vemift  te  noaiihs  toge^r  at  nearly  the  same  place.  A  telcsco^  yiew  of 
JwfUetj  sod  the  appearanoa  of  its  surfiwe  under  fayooraUe  ciroumstsBCee,  will  be 
Mn  It  Fig.  6a. 

By  attandin^  to  ibe  motions  ef  those  spots,  it  has  been  fbund  that  Jupiter,  like  the 
fhrnels  hitherto  described,  rotates  upon  its  axis ;  but  the  length  of  its  day  is  nnich 
barter  ^an  tint  of  the  planets  in  the  vicinity  of  the  earth.  It  is  rather  difioiilt  to 
tail  tha  cxMt  daratioB,  for  the  Q>ot8  themselves  have  got  a  motion  on  the  diao ;  and 
Herschel  irattd  that  tiia  time  af  latation  appeared  to  be  «na^kxiaea%b.%Snu^S)N^iSk  "^ 
other  tines  ffc,  S4m.  S8§.,  Aom  obaeryatzens  of  tiie  aame  bi|^\.*,  ^\n\s^  \^  «^  ^^<et€C).\. 


Fi|f.63. 
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spot  it  WM  sometimes  9h.  51m.  458.,  and  at  other  times  91i.  50m.  48s,  As  the  eqiifttor 
of  the  planet  is  but  rery  slightly'inclined  to  the  plane  of  its  orbit  round  the  mm,  it 
follows  that  there  is  but  very  little  yariation  of  the  seasons,  so  that  during  its  long 


fig.  64. 

yeftr  the  length  of  the  day  and  night  Tsiies  yeiy  slightly,  either  being  at  any  lititiids 
abouifiT«  hours  in  loigth. 

Fiom  thft  rapid  motion  which  those  spots  lindorgo  near  the  equator,  "ELenAA 
thought  it  was  not  improbable  that  at  these  pottkms  of  the  planet*  s  disc  there  eiistad 
cuirtnts  of  air  similar  to  the  trade  winds,  the  elfiset  of  which  would  likewiae  be  to 
fima  the  koaa  Tupours  on  its  surfiice  into  the  paraUd  bdta.  From  Heradi^a  dbser* 
TatioDS  on  tiiese  accidental  clouds—as  he  was  of  opinion  the  spots  were—  he  considered 
that  ^ey  wwre  ocoasionally  driTcn  along  at  the  rate  of  ninety-six  leagues  per  hour, 
a  T^oeity  fiur  exceeding  ^lat  of  our  most  violent  hunkanea. 

It  might  be  thott^t,  at  first  sight,  that  the  dark  bands  represented  in  Fig.  63, 
were  tiie  doudst  the  oTercast  portion  of  the  planefs  disc,  and  the  brighter  belts 
w«i«  parts  of  its  surface^  Herschel,  howerer,  coasid^«d  that  the  contrary  was 
^e  caae»  and  in  tStoM  be  is  ibUowed  by  aU  modem  obeerrets.  He  su^oaed  that  tiie 
more  briUiant  portioas  wwre  the  aoneiss  in  whidi  the  atmosphere  was  charged  widi 
clouds^  the  darker  parts  those  on  which  it  was  quite  dear  and  serene.  The  latter 
allow  the  solar  imys  to  pass  thI\^xgh  to  the  surlac«  of  the  planet,  wiiere  the  refleetioii 
beiag  leas  pawwM  than  from  the  <lottda»  less  light  was  cossequentiy  reConied. 

IVdise  of  Jupiter  is  conslderabtr  ftatteaed  at  Uiepolea^and  bolged  oat  at  flie 
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equttor.  Thia  is  immedUtely  seen  when  the  eye  is  directed  through  a  teleaoope  to  the 
pLtnet ;  and  the  extent  to  which  it  occurs  will  be  seen  by  the  diagram  (Fig.  63}. 
The  belta  appear  always  parallel  to  the  greater  axis. 

The  four  satellites  of  Jupiter  are  constantly  seen  in  the  same  direction,  and  almost 
in  the  tame  straight  line ;  and  the  motions  of  the  two  inner  ones  round  their  primaries 
are  yeiy  rapid*  They  almost  describe  circles  around  the  planet,  the  orbits  of  the  third 
and  fourth  satellites  are,  however,  slightly  eccentric.  The  following  table  shows  their 
mean  distances  from  the  centre  of  the  planet  expressed  in  the  equatorial  diameter  of 
Jupiter,    The  diagram  (Fig.  64)  represents  the  relative  orbits  of  the  four  satellites  in 

exact  proportions : — 

Mean  diitanee.       Period  of  revolation. 
Ist  satellite     .        .        .        303        .        .        1*77 
2nd     „  ...        4-81        .        .        8-55 

8rd     „  ...        7-68        .        .        7-16 

4th     „  ...      18-50  .      16-69 

The  laws  of  Kepler  are  as  strictly  fulfilled  in  the  passage  of  the  satellites  round 
their  primary,  as  in  the  case  of  the  motions  of  the  planets  round  the  sun.  They  are 
subject  to  eclipses  and  ocoultations,  and  are  sometimes  seen  projected  on  the  limb  in  the 
form  of  small  white  spots.  As  the  cone  of  the  shadow  is  of  considerable  length,  Jupiter 
being  at  a  great  distance  from  the  sun,  and  the  satellites  comparatiYely  near  it,  it 
follows  that  at  every  revolution  the  first  three  satellites  are  immersed  in  the  shadow, 
and  it  is  only  the  fourth  which  occasionally  escapes.  The  use  made  of  the  eclipses  of 
Jupiter's  satellites  is  represented  by  A  of  the  engraving  at  [page  241.  The  centre 
^be  being  our  earth,  two  lines  are  drawn  from  places  on  its  surface,  forming  an  angle 
and  meeting  at  Jupiter,  an  observer  at  each  place  marks  the  time  at  which  the  satellite 
enters  the  cone  of  the  shadow.  Assuming  the  time  at  the  nearest  line  to  be  ten  and 
the  fioihest  eight  o^dock,  the  two  hours  =  30""  shows  the  one  place  to  be  distant  80° 
from  the  other.  These  observations  of  the  eclipses  gives  the  readiest  means  of  deter- 
mining the  longitude  of  any  place  at  which  they  are  observed.  This  accurate  observa- 
tion of  the  moment  of  disappearance  depends  pa^y  on  the  excellence  of  the  telescope 
used,  and  partly  on  the  keenness  of  sight  and  experience  of  the  observer.  When  the 
Mtellites  pass  between  the  sun  and  Jupiter,  they  produce  solar  eclipses ;  and  the  shadow 
of  the  satellite,  in  addition  to  the  satellite  itself,  may  be  seen  slowly  traversing  the  disc 
of  the  planet  in  a  powerful  instrument 

Satoxib— -The  most  wonderfully  constituted  body  of  the  solar  system  is  Saturn. 


Fig.  65. 
Surrounded  by  numerous  rings,  of  different  form  and  brilliancy,  and  eight  satellites, 
with  the  varied  bands  which,  as  in  the  case  of  Jupiter,  cross  the  ball  of  the  planet,  it 
£arms  the  most  curious  of  telescopic  objects.  The  ring  was  first  detected  by 
Huygens  by  means  of  his  powerful  telescopes,  and  he  was  likewise  the  first  to  per- 
eeive  the  Indightest  of  the  satellites.    He  explained  the  various  appearances  at  different 
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times  hf  taking  into  Mooimt  the  obliquity  of  the  ring,  end  the  paimiWinn  which  it 
retains  at  aS  parts  (^  its  oihit ;  which  is,  indeed,  sianlar  in  all  xmpmsitB  to  the  ^Mft 
of  seasons  on  the  earth.  This  will  eosihf  be  seen  by  the  diagnoi  (I'if  .  65)^  whan 
S  is  the  sun  and 
T  the  earth,  and 
the  outer  circle 
the  extent  of  Sa- 
turn. It  is  plain 
that  to  an  ob- 
server at  T,  the 
upper  side  of  the 
ring  and  the 
northern  pole  of 
Saturn  will  be 
visible,  as  at  Fig. 
66.  At  the  (^po- 
sits part  of  the 

orbit  of  Saturn,  Fif-  ^ 

theeoMOmi  pole  of  the  planet  and  thewitkr  side  of  the  ring  ia  that  whieh  wiU  he 
illnninated  hy  the  sun,  and  seen  by  an  ohsetrer  on  the  earth.  Am  Satmi  pasiM 
from  the  one  to  the  other  of  these  points,  the  ring  will  beeome  gradudly  less  opca; 
and  at  the  points  between  the  two  it  will  only  be  vinble  by  the  ilhrninated  edge,  ai 
in  Figs.  67  and  68;  whilst  at  other  times  the  oniUumiBed  plane  of  the  tix^  wiU  bi 


Fig.  67. 


Fig.  68. 


turned  to  an  observer  at  T,  and  the  outer  edges  of  the  ring  will  not  be  visible,  as  at 
Fig.  65.  This  disappearance  of  the  ring  will  take  place  twice  during  every  revolution 
of  Saturn,  and  it  may  be  compared  to  the  position  of  the  earth's  axis  at  the  times  of 
the  equinoxes  in  respect  to  the  sun,  both  poles  coming  into  sight,  for  the  ring  of 
Saturn  surrounds  the  equator  of  the  plane. 

The  ring  of  Saturn  is  seen,  with  an  instrument  of  moderate  power,  to  be  divided 
into  two  parts;  but  when  a  stronger  telescope  is  made  use  of,  under  fiivouraUl 
circumstances,  the  outer  portion  is  found  to  bo  divided  into  twt>  likewiae^  thna  ntking 
three  in  all,  as  seen  in  the  diagram.    Some  observers  have  been  able  to  deteet  otto 
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dmnoBS  in  tha  bright  ring  whn  it  ia  mott  open.    The  moet  reiiiaik»hle  >ppeAranco 
L  oi  Itti  yemie,  howvrer,  the  duskj  ring,  ■itnated  between  the  btll  and  the 

bright  ring,  and  adjoining 
the  latter.  The  existence 
of  this  ourioas  appendage 
ia  now  placed  beyond 
doubt  by  the  testimony  of 
diflBerent  obeerrers,  and  it 
tppean  to  be  of  a  misty, 
■emi-transparent  nature, 
as  the  hall  of  the  planet 
can  be  seen  through  it. 
From  the  obBcrvations  of 
the  elder  Herschel,  it 
would  follow  that  the 
globe  of  Saturn  revolves 
on  its  axis  once  in  lOh. 
16m.,  and  that  the  ring 
makes  a  rotation  in  its 
plane  once  in  10b.  32m. 
15s.  Both  more  in  the 
direction  of  the  other 
planetary  bodies,  yiz., 
from  west  to  east. 

The  system  of  satel- 
lites which  surround  Sa- 
turn and  his  ring  will  be 
seen  fh>m  the  accompa- 
^^'  ®*'  nying  diagram  (Fig.  69). 

Of  these  the  brightest  is  that  discovered  by  Huygens,  and  resembles  a  star  of  the 
ninflL  magnxtade.  It  is  the  sixth  in  the  order  of  distance  counting  from  the  planet, 
ind  its  OfUt  is  the  best  determined  of  any  of  them.  The  third,  fourth,  fifth,  and 
id^thi  discovered  by  Dominique  Gassini,  are  likewise  comparatively  bright ;  but  the 
first  and  setxmd,  discovered  by  Herschd,  and  the  seventh,  discovered  by  Mr.  Sasscl  in 
1848,  are  the  faintest  of  telescopic  objects,  and  require  both  great  light  and  high 
power  to  be  seen  at  all.  The  orbit  of  the  eighth  satellite  is  considerably  inclined 
to  the  equator  of  the  planet ;  those  of  the  other  seven  lie  nearly  in  the  same  plane 
as  the  ring.  The  mean  distances,  expressed  in  equatorial  radii  of  the  planet,  and  the 
periods  of  their  revolutions,  is  seen  from  the  following  tabic  : — 

Mean  Distance.  Time  of  Rcrolntions. 
IstSatelUte  .  .  .  3-35  .  .  094 
2nd  „ 
3rd  „ 
4th  „ 
5th  „ 
6th  „ 
7th  „ 
8th     ,. 


4-30 

1-37 

6-28 

189 

6*82 

2-74 

9-52 

4-62 

.       22-08 

.      16-94 

.      27-78 

.       22-60 

.       64-36 

.      79-33 
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Uzanns  and  Neptune. — Of  the  telescopic  appearance  of  the  two  exterior  pUmets, 
Uranus  and  Neptune,  very  litUe  can  be  said.  The  former  appears  in  the  telescope  as 
a  star  of  the  sixth  magnitude,  of  a  planetary  aspect,  and  with  the  appearance  of  a  well 
defined  disc.  The  latter  is  of  the  same  faint  blue  colour,  but  flic  disc  is  mere  difficult 
to  be  perceived ;  but,  if  compared 
with  a  neighbouring  star  of  the 
same  magnitude,  the  difference  in 
their  definition  is  more  apparent 
Herschol  considered  that  he  was 
able  to  detect  a  slight  ellipticity  in 
the  figure  of  Uranus,  from  which 
it  appeared  that  its  axis  is  very 
little  inclined  to  the  plane  of  the 
elliptic,  and  that  consequently  the 
sun  is  hid  for  many  years  from  its 
poles. 

The  satellite  system  of  Uranus 
(according  to  Herschel)  is  repre- 
sented in  Fig.  70,  but  only  four  of 
those  satellites,  two  of  which  do 
not  agree  in  their  periods  with  that 
set  down  by  Herschel,  have  been 
pcrcoiTod  by  Mr.  Sasscl,  and  ho 
seems  inclined  to  believe  that  only 
that  number  exists.  The  second 
and  fourth  have  frequently  been 
soon,  and  their  orbits  are  pretty 
well  determined  by  the  observa- 
tions of  Sir  J.  Herschel  and  Mr. 
Lament  of  Munich.  The  orbits 
of  those  satellites  are  very  greatly  inclined  to  the  plane  of  the  elliptie,  the  angle 
between  the  two  being  nearly  80**.  The  periods  of  revolutions  and  mean  distances 
of  the  several  satellites  is  seen  from  the  following  table : — 

Mean  Distances.  Time  of  Bevohitkiis. 

1  Satellite  .        1312        .  5-89 


Fig.  70. 


17-02 
19*86 
22-75 
45*51 
9101 


8*71 

10*96 

13*46 

38  07 

107*69 


Th»»  only  satellite  to  Neptune  which  haa  yet  been  perceived  is  that  discovered  by 

OMr.  Sassd,  and  it  is  represented  in  Fig.  71,  on  the  same 
scale  as  that  of  the  satellite  systems  of  Jupiter,  Satnm, 
and  Uranus.     It  will  be  seen  that  it  differs  but  slightly  i  e^ 

from  that  of  the  moon  to  the  earth  (Fig.  72)  in  the 
dimensions  of  its  orbit.    The  period  of  revolution  is  5*87 
lf1ic.  ;i.         days,  and  its  orbit  is  inclined  at  an  angle  of  35^  on  the 
elliptic.     It  is  excessively  minute,  and  has  hitherto  been  seen  only  bj*  MeeszB.  Sassel 
and  lUmd. 


Fig.  73. 
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STELLAR  ASTRONOMY. 


r  no  other  subject  to' which  the  mind  of  man  can  be  directed,  ii  the  grandeur  so 
iposing,  or  the  subject  so  inexhaustible,  as  in  those  distant  regions  of  space  known  as 
e  sidereal  heavens.  The  countless  stars,  which  reach  far  bejond  the  limits  which 
ir  most  powerful  instruments  can  furnish  evidence  respecting  them,  reaching  even  to 
finity.  This  is  not  merely  made  manifest  by  the  help  of  gigantic  telescopes,  and  other 
tificial  applications  which  the  intellect  of  man  has  devised ;  even  with  the  naked 
e  we  can  perceive  how  multitudinous  are  the  brilliant  specks  of  light  so  lavishly 
sttered  in  every  direction,  and  congregated  in  such  numbers  as  in  the  constellations  of 
ion  or  Taurus,  or  so  densely  that  the  eye  can  no  longer  detect  them  individually, 
in.  the  Hyades,  the  Presepe  of  Cancer,  and,  above  all,  in  the  great  southern  Magel- 
oio  Clouds,  or  the  wonderful  sone  of  the  Milky  Way.  But  although  the  prospect  is  so 
Rgnificent  and  appar^tly  so  boundless,  even  in  the  most  simple  and  universal  view, 
becomes  infinitely  more  so  when  the  depths  of  the  heavens  are  sounded  by  means 
the  telescope ;  when  it  becomes  probable  that  those  stars  which  are  seen  by  the 
lasBiBted  vision  form  one  cluster,  and  that  not  a  very  rich  one,  out  of  many  thousands, 
hen  we  consider,  furthermore,  that  our  sun  is  but  one  out  of  those  myriads  of  objects, 
ining  by  their  own  light,  and  that  each  of  these  is  performing  in  its  sphere  the  same 
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important  functions  to  the  worlds  revolving  around  its  concentrated  heat  and  liglit, 
which  the  sun  perfonns  for  us,  we  hecome  more  and  more  deeply  impressed  with  the 
houndless  extent  and  variety  of  celestial  objects. 

Viewing  the  heavens  with  the  unassiBted  eye,  we  perceive  that  the  stars  are  of  very 
different  degrees  of  hrightneas;  and,  for  the  purposes  of  classification,  astronomen 
have  chosen  to  divide  those  visihle  to  the  naked  eye  into  six  degrees  of  lustre,  the  faintest 
or  those  just  seen  hy  persons  of  ordinary  eyesight  heing  termed  stars  of  the  sixth  mag- 
nitude. This  classification,  howeyer,  gives  hut  a  rude  approximation  to  the  truth, 
as  it  would  bo  difficult  to  find  a  number  of  stars  of  exactly  the  same  degree  of  bril- 
liancy, while  it  would  be  easy  to  eount  twenty  or  thirty  stars  of  perceptibly  different 
degrees  of  brightness.  With  thehelp  of  the  telescope  ten  additional  degrees  of  mag- 
nitude— each  ranging  from  the  seventh  to  the  sixteenth  magnitude— have  been  described 
by  astronomers.  Stars  of  the  seventh  magnitude  can  be  perceived  by  peraons  of  keen 
eyesight,  but  those  of  the  fifteenth  and  sixteenth  m'agnitndes  are  only  visible  in  the 
largest  telescopes;  even  in  the  gigantic  i^fleotors  of  Hersehel,  of-twepty  feet  focal 
length  and  two  feet  aperture,  they  are  very  faint  objects.  The  satellites  of  Uranus  sad 
the  faintest  of  Saturn's  satellites,  are  estimated  to  be  of  this  degree  of  hrightneBi. 
When  the  magnitudes  of  the  fixed  stars  are  expressed  in  this  manner,  it 'should 
be  premised  that  their  apparent  magnitudes  are  understood  by  the  expression  and  not 
their  intrinsic  and  absolute  value.  The  relative  intensity  of  the  light  of  the  Stan  is 
still  a  matter  of  considerable  doubt ;  they  have  not  yet  been  determined  photometri- 
cally with  any  exactitude.  Sir  W.  Herschel  endeavoured  to  compare  the  light  of  t 
star  of  the  sixth  magnitude  with  that  emitted  hy  Sirius,  by  covering  the  wpeeulum  of  the 
telescope  when  pointed  at  the  latter  object  with  a  disc  having,a  circular  opening ;  and  the 
aperture  was  so  diminished  that  Sirius  appeared  as  a  star  of  the  sixth  ma^itiul(|,  as  seen 
with  the  full  'opening.  When  the  magnitudes  were  thus  rendered  artificially  equal,  he 
found  that  Sirius,  viewed  with  a  circular  aperture  of  one  inch,  in  diameter,  was  reduced 
to  the  same  intensity  of  light  as  a  star  of  the  sixth  magnitude  when  viewed  with  the 
full  aperture  of  eighteen  inches;  and  he  concluded  from  this,  that  if  the  light  of  the 
latter  be  supposed  equal  to  unity,  that  of  Sirius  would  be  eighteen  times  eighteen,  or 
three  hundred  and  twenty-four.  As  the  light  of  Sirius  is  fully  three  times  that  of  t 
star  of  the  ordinary  first-class  magnitude,  he  considered  that,  in  general,  the  light  oft 
star  of  the  first,  in  proportion  to  that  of  one  of  the  sixth,  magnitude  was  as  a  hundred 
to  one.  If  in  the  inU'rmediate  classes  the  brightness  is  sujyposcd  to  be  inversely  ts 
the  squares  of  the  distances,  we  have — 

1st  magnitude  . .  the  brightness  =  100 

2nd        „  „     loo^    25 

3rd         „  „     l|o  __    12 

4th        „  „     i<y?_      g 

And  in  the  two  remaining  classes  he  concluded,  without  reference  to  this  law, 

5th  magnitude  .  .  the  brightness  =     2 

6th        „  ,,  =     1 

This  determination  of  the  relative  intensities  of  the  brightness  of  stars  rests,  boir^ 
ever,  on  too  narrow  a  basis  to  be  regarded  as  more  than  an  approximation ;  and  it  ii» 
perhaps,  impossible  to  determine  the  brightness  of  one  class  of  magnitudes  in  fractiooil 
parts  of  that  of  another.  All  that  astronomical  observers  have  hitherto  accomplished oa 
♦his  subject  has  been  to  arranfre  and  catnlopnie  them  in  order  of  hri^btnera,  which,  fr' 
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tha  first  six  juagnitudes,  is  beat  duno  with  the  naked  eye.  When  they  are  estimated  by 
means  of  the  telescope  great  discrepancies  have  occurred  between  different  obsenrerS) 
and  the  fault  of  our  celestial  globes  and  charts  has  been  that  a  number  of  faint  telescopic 
stars  are  inserted  as  among  those  vinible  to  the  naked  eye,  whilst  others  equally  bright 
are  completely  omitted,  their  magnitudes  being  set  down  at  the  time  their  positions 
were  first  determined,  and,  perhaps,  wrongly  estimated  from  the  state  of  the  atmos* 
phere,  position  of  the  moon,  or  other  causes.  Those  visible  to  the  naked  eye  in  the 
nortUem  hemisphere  have  been  thoroughly  revised  by  Argelander,  who  has  sub- 
divided the  six  classes  formerly  reckoned  into  sixteen,  inserting  two  new  divisions 
between  each  of  the  ancient  classes ;  tbup,  for  instance,  between  the  fourth  and  fifth 
magnitudee  he  finds  msny  stars  a  little  fainter  than  the  fourth,  which  he  terms 
the  4'6  magnitude,  and  others  a  little  brighter  than  the  fifth,  (yet  not  so  bright  as 
those  of  the  4*5  class),  which  he  denominates  the  5*4  magnitude.  Sir  John  Her- 
sehel,  during  bis  sojourn  at  the  Gape,  has  instituted  a  fiu-ther  approximation  to  correct- 
ness in  the  relative  brightness  of  stars,  which  will  be  of  the  utmost  importance  to  future 
ages  in  arriving  at  a  knowledge  of  the  constancy  of  their  brightness.  This  method  of 
tiqMene$9y  as  he  terms  it,  consists  in  choosing  one  of  the  brightest  stars  in  any  region  of 
the  heavens;  secondly,  one  just  inferior  to  it  in  lustre;  thirdly,  one  inunediately  infe- 
rior to  that  of  the  suppositious  teoond  magnitude,  and  so  on  for  twenty  or  thirty  times, 
until  a  catalogue  is  formed  for  this  particular  region,  with  the  stars  ranged  merely  in 
rsgard  to  their  brightness.  On  any  subsequent  opportunity  this  is  repeated  with  anew 
•etof  stars,  introducing,  however,  as  many  as  possible  of  the  former  series.  By  this 
means,  the  relative  intensity  of  all  such  stars  as  are  visible  to  the  naked  eye  may  be 
determined  with  the  most  rigorous  accuracy.  A  valuable  catalogue  of  such  objects,  and 
various  proofs  of  the  almost  absolute  certainty  of  the  process,  may  be  seen  in  Sir  J. 
Herschel's  '^  Besult  of  Observations"  made  at  the  Cape.  The  want  of  such  a  class 
of  observations  has  led  many  astronomers  to  conjecture  that  great  changes  have  taken 
place  in  the  brightness  of  stars  since  the  time  of  Bayer,  at  the  commencement  of  the  seven- 
teenth century.  Among  others,  Sir  W.  Herschel  was  of  opinion  that  at  least  one  out 
of  every  thirty  stars  observed  and  mapped  by  Bayer,  had  diminished  or  increased  in 
brightness  in  the  two  centuries  which  intervened  between  the  end  of  the  sixteenth  and 
commencement  of  the  nineteenth  century.  It  was  supposed  that  Bayer's  practice  was 
to  call  the  brightest  star  of  any  constellation  by  the  first  letter  of  the  Greek  alphabet  a, 
the  next  brightest  iS,  the  third  7,  and  so  on.  But  Sir  W.  Herschel  found  that,  instead 
of  the  stars  in  the  constellation  of  cygnus  preserving  this  order,  a,  )3,  7,  8,  c,  &c., 
they  now  appeared  according  to  the  order  a,  7,  c,  fij  and  8 ;  in  Aquila  they  had  changed 
to  the  order  a,  7,  8,  )3,  c ;  in  Draco  to  7,  )3, 8,  a ;  in  Leo  to  a,  7,  )3, 8,  c ;  and  this  change 
wss  apparent  in  numerous  other  instances.  But  it  would  now  appear  as  if  the  magni- 
tndes  of  the  stars  had  been  carelessly  inserted  by  Bayer,  no  such  change  being  due  to 
the  objects  themselves. 

HvaiWs  of  8tais.-^In  our  estimation  of  the  number  of  the  fixed  stars,  it  would 
appear  that  we  are  liable  to  an  illusion ;  and  that  the  generality  of  individuals  suppose  a 
much  greater  number  to  be  visible  than  is  found  to  be  the  case.  The  attention  is  probably 
direeted  to  the  richest  portions  of  the  heavens,  and  it  may  not  tmfrequently  happen 
that  the  judgment  ia  biased  by  what  we  have  heard  or  read,  rather  than  by  what  we 
■ee.  In  thia  ease  it  may  naturally  be  supposed  that  other  parts  of  the  surface  of  the 
heavens  am  equally  crowded  with  stars,  though  they  are  not  so  bright  or  apparent  as  the 
part  which  we  really  have  in  view,  it  may  thus  be  erroneously  concluded  that  thousands 
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of  stars  are  visible  at  the  same  moment,  which  only  exist  in  imagination.  When  we 
come  to  test  this  conclusion  by  absolute  proof,  it  is  found  to  be  vastly  oat  of  propor- 
tion to  these  impressions.  The  whole  number  of  stars  visible  to  the  naked  eye  in  the 
central  parts  of  Europe — viz.,  those  included  in  the  whole  surface  of  the  heavens  north 
of  the  equator,  and  including  a  zone  of  30**  of  south  declination,  comprising  nearly 
eight-tenths  of  the  whole  sky — only  amounts  to  8,256,  so  that  scarcely  more  than 
2,000  stars  can  be  visible  to  the  naked  eye  and  above  the  horizon  at  the  same  moment 
*An  attempt  has  been  made  to  ascertain  the  number  of  stars  of  different  magnitudes 
by  supposing  them  to  be  situated  at  equal  distances  from  one  another,  and  that  they 
are  all  of  the  same  absolute  magnitude,  but  appearing  differently  in  consequence  of 
their  various  distances.  There  being  fourteen  stars  of  the  first  magnitude,  we  are  to 
suppose  them  arranged  at  equal  distances  upon  a  sphere :  supposing  the  stars  of  the 
second  magnitude  to  be  twice  the  distance  of  those  of  the  first,  the  surface  over  which 
they  would  be  scattered  would  be  four  times  that  of  the  former;  and  if  placed  at  the 
same  distances  from  each  other,  it  would  take  fifty-six  stars  to  cover  this  area.  The 
sphere  of  stars  of  the  third  magnitude  would  be  nine  times  the  area  of  that  of  the 
first,  and  it  would  consequently  take  one  hundred  and  twenty-six  stars  to  fill  that 
surface ;  and  in  a  similar  manner  there  would  be  two  hundred  and  twenty-four  on  the 
fourth,  three  hundred  and  fifty  on  the  fifth,  and  so  on.  This  law,  however,  does  not 
correspond  with  the  observed  number  of  stars  of  different  magnitudes,  there  being 
seventy  stars  of  the  second,  and  three  hundred  of  the  third — a  much  greater  number 
than  would  exist  on  this  supposition.  Various  other  hypotheses  have  been  formed  to 
show  the  probable  number  of  stars,  of  different  magnitudes,  visible  on  a  given  portion 
of  the  sky ;  but  the  data  are  too  inconclusive  and  vague  to  secure  any  degree  of 
accuracy  in  the  result. 

It  would  be  difficult  to  determine  the  number  of  stars  fainter  than  those  of  the 
sixth  magnitude.  The  catalogue  of  Lalande  (called  the  Hiatoire  CeleeUy  and  publiabed 
at  the  latter  part  of  the  last  century)  contains  the  places  of  about  50,000  stars  visible 
from  the  north  pole  to  25°  of  south  declination,  and  including  those  from  the  first  to 
the  ninth  magnitude.  The  zone  included  between  15°  of  north,  and  15°  of  soudi 
declination,  contains,  according  to  the  more  modem  observations  of  the  iUastrioni 
Bessel,  31,085  stars,  viz : —  " 

664  bright  stars  irom  the  1st  to  the  6th  magnitude. 
2,500  of  the  7th  magnitude. 
8,188      „      8th        „ 
19,738      „      9th        „ 

Stars  fainter  than  those  of  the  ninth  magnitude  increase  in'nuraber  in  a  wonderfiil 
degree,  and  Struve  concludes  that  the  number  of  stars  visible  in  the  twenty-6e( 
telescope  of  Herschel,  in  the  same  zone  of  30°  in  breadth  observed  by  Besael,  amouti 
to  the  enormous  number  of  5,819,000,  by  far  the  greater  number  of  which  tie  titntted 
at  those  parts  where  the  milky  way  intersects  the  equator  at  six  and  eif^teen  hous  <rf 
right  ascension.  Nor  will  this  appear  overrated,  when  we  reciolleot  that  on  one 
occasion  Herschel  perceived  nearly  120,000  stars,  which  'passed'  through  the  field  of 
view  of  his  telescope  (15'  in  diameter)  in  a  quarter  of  an  hour.  The  stars  obserfed 
by  Herschel  appear  to  have  been  situated  in  the  following  order  in  respect  to  thsir 
right  ascension,  and  their  density  as  they  approach  the  milky  way  becomes  ii 
diately  apparent. 
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From  111.  to  5h.  of  right  ascension 


5h. 

„    9h. 

9h. 

„  13h. 

13h. 

„  17h. 

17h. 

„  21h. 

21h. 

..    Ih. 

391,700  stars. 

1,984,200 

♦> 

235,400 

»> 

387,000 

»> 

.     2,365,100 

91 

455,600 

» 

5,819,000 

Thus,  in  respect  to  the  distribution  of  stars  of  different  magnitudes  in  the  heaycns, 
we  perceiTO  that  the  least  crowded  regions  lie  between  nine  and  seyenteen  hours,  and 
twenty-one,  and  five  hours  of  right  ascension.  If  we  take  the  most  brilliant  stars, 
or  those  of  the  three  first  magnitudes  only  into  account,  we  find  them  to  be  pretty 
evenly  distributed  over  the  surface  of  the  heavens ;  but  those  of  the  fourth,  fifth,  and 
aizth  magnitudes  are  congregated  more  densely  as  they  approach  the  milky  way* 
At  every  succeeding  class  this  becomes  more  and  more  apparent,  and  the  faintest 
Stan  are  most  thickly  crowded  in  and  near  this  zone.  This  would  naturally  lead  us 
tp  imagine  that  there  was  some  connection  between  the  great  galactic  circle  and  the 
other  portions  of  the  heavens,  and  that  they  might  form  one  great  system. 

The  milky  way  extends  completely  round  the  heavens,  and  makes  almost  a  groat 
drele  upon  its  surface.  The  breadth  is  very  unequal — in  some  regions  it  is  not  more 
than  6%  in  other  parts  it  is  two  or  three  times  that  breadth.  For  one  third  of  its 
extent,  viz.,  between  Serpentarius  and  Antinous,  it  is  divided  into  two  branches ;  but 
for  this  distance  of  about  120°  the  dark  opening  is  of  no  great  breadth.  The  resolva- 
HUty  of  the  milky  way  into  distinct  individual  stars,  which  was  proved  immediately 
on  the  invention  of  the  telescope,  had  been  long  previously  conjectured  by  some  of  the 
ancient  philosophers,  whilst  the  absurd  suppositions  of  others  on  its  structure — if 
they  were  ever  supposed  worthy  of  examination — were  dissipated  by  the  same  dis- 
eovery.  Ko  other  theory  was  started,  however,  to  supply  their  place,  or  to  explain 
this  phenomenon,  until  about  the  middle  of  the  eighteenth  century,  when  Thomas 
Wright,  of  Durham,  author  of  the  Clavia  CaUstis^  endeavoured,  in  his  "  Theory  of  the 
Universe,"  to  account  for  this  appearance  by  supposing  that  the  stars  were  ranged  in 
regular  strata^  and  not  dispersed  fortuitously  throughout  space,  as  was  previously 
supposed.  By  this  arrangement,  although  the  individual  stars  composing  the  stratum 
were  at  vast  distances  apart,  yet  supposing  our  sun  and  its  attendant  satellites  to 
be  situated  near  the  centre  of  this  plane,  we  should  witness  such  an  appearance  as 
the  milky  way  presents.  In  the  direction  of  the  plane,  the  stars  would  be  seen  in 
such  vast  numbers,  although  the  more  distant  ones  would  be  so  extremely  small,  that 
it  would  appear  as  a  white  and  confused  zone  of  light  projected  on  the  dark  space  sur- 
rounding us  on  every  side.  This  idea  received  further  development  from  the  cele- 
brated Immanucl  Kant,  who  considered  that  it  was  rendered  probable  from  the 
arrangement  of  the  three  or  four  thousand  stars  visible  to  the  naked  eye,  the  greater 
number  of  which  were  contained  in  a  zone  within  a  short  distance  of  the  galactic  circle. 
Lambert  was  likewise  of  opinion  that  all  the  stars  visible  through  the  best  tele8coi>es 
lay  in  one  vast  stratum,  but  he  considered  that  many  of  the  clusters  in  the  milky  way 
were  feparate  and  individual  systems,  but  nevertheless  subsidiary  members  of  one 
great  system.  Those  immense  clusters,  each  containing  millions  of  stars,  were  con- 
neotad  and  held  together  by  the  same  power  which  predominates  in  inferior  and  more 
simple  systems,  and  Lambert  went  so  far  as  to  imagine  that  the  separate  clusters  per- 
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fomicd  revolutions  round  a  great  central  body  in  the  same  manner  as  our  planet  and 
satellite  moves  round  its  primarj. 

The  attention  of  Sir  W.  Ilerschel  was  particularly  directed  to  the  subject  of  the 
construction  of  the  heavens,  and  his  labours  in  this  field  must  be  regarded  as  among 
the  most  important  of  his  works.  In  order  to  bring  the  theories  started  by  his  pre- 
decessors to  a  test,  and  to  obtain  an  idea  of  the  form  and  dimensions  of  the  stellar 
universe,  Ilerschel  had  recourse  to  a  long  and  laborious  method,  which  he  properly 
termed  "  ganging  the  heavens."  This  was  done  by  directing  a  powerful  telescope  (the 
twenty-foot  reflector)  to  different  parts  of  the  sky,  and  counting  the  number  of  Stan 
in  each  field  of  view.  In  order  to  insure  greater  accTiracy,  he  counted  the  number  of 
stars  in  ten  contiguous  fields,  and  took  the  average  to  express  the  comparative  riches 
or  poverty  of  the  district.  In  some  portions  of  the  sky  only  three  or  four  stars  of  all 
magnitudes  were  seen  per  field  for  a  considerable  distance  round,  whilst  •at  other 
times  the  field  was  crowded  with  many  hundreds,  and  those  latter  portions  were 
always  found  in  or  near  the  milky  way.  By  combining  the  numerous  **  gauges" 
which  he  made,  he  endeavoured  to  determine  the  various  depths  (from  the  difierent 
degrees  of  obliquity  in  which  the  stars  were  viewed)  of  the  milky  way ;  supposing  thb 
individuals  composing  it  to  be  placed  at  pretty  equal  distances,  he  concluded  the  whole 
visible  heavens  to  be  of  a  lenticular  form,  and  not  a  stratum  of  stars  inclosed  by  plane 
surfaces.  The  proportion  the  thickness  bears  to  the  diameter  of  this  lens  he  considered 
was  as  one  to  five  and  a  half,  and  he  further  concluded  that  the  sun  was  removed  bat 
little  from  the  centre  of  the  group.  Subsequently,  when  the  motion  of  various  double 
stars,  conseC[uc'nt  on  their  physical  ccmnection,  was  discovered  by  Herschel,  his  ideas 
were  considerably  modified ;  he  now  imagined  that  he  perceived  evidences  of  this 
physical  connection  in  the  great  groups  of  the  milky  way,  and  that  this  *'  clustering 
power,*'  as  he  termed  it,  tended  to  break  it  up  into  fragments. 

Nor  was  this  the  only  evidence  of  the  motion  of  the  stars  in  space,  many  of  them 
were  endowed  with  an  indubitable  niotum,  as  was  apparent  from  their  positions,  com- 
pared with  neighbouring  stars ;  and,  whether  due  to  their  own  proper  motion  or  to 
that  of  the  sun,  it  muat  be  considered  as  an  absolute  proof  of  the  instability  of  these 
bodies  in  space.  Among  the  surs  which  are  thus  known  to  have  considerable  proper 
motion,  we  may  mention  fi  Cassiopeico,  which  has  a  proper  motion  of  5''-82  annually, 
in  right  ascension,  and  l"*d5  in  north  polar  distance.  The  star  61  Cygnis,  whose 
distance  has  b««n  determined  with  some  exactness,  is  one  of  those  which  has  a  large 
proper  motion,  and  it  was  in  consequence  of  this  circumstance  that  it  was  chosen  by 
Bessel  for  the  determination  of  the  annual  parallax.  The  proper  motion  in  right 
ascension  amoun's  to  5"'89,  and  in  north  polar  distance  to  3"*30.  In  40  Eridani 
the  proper  motion  in  right  ascension  amounts  to  2"*  16,  and  in  north  polar  distance 
to  S"-45.  The  star  1880  of  Groombridge'd,  which  was  considered  to  show  the  greatest 
amount  of  parallux,  is  one  of  tho^se  wh»se  pr«>per  motion  is  the  mo«t  considerable, 
amounting  to  S^'IO  in  right  ascension,  and  5"*70  in  north  polar  distance.  Other 
Stan  in  almost  every  constellation  have  large  pmper  motions,  but  the  quantities  are  as 
yet  somewhat  d  mbtfuL  as  it  is  only  by  the  comparison  of  accurate  modem  obs«rvaUont 
with  ancient  authorites  nearly  as  accurate,  thnt  these  small  quantities  can  be 
deduced ;  and  it  is  only  since  the  times  of  Bradley  that  the  places  of  the  objects  can  be 
depmded  upon. 

Enoagh,  however,  has  been  effected  to  show  the  reality  of  their  movement  and  its 
dnreetKW.     If  this  were  due  to  the  motion  of  the  stars  themn^Ives,  it  might  be  supposed 
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that  they  would  moTe  in  all  diroctiona,  north  or  sunth,  east  or  vest ;  and  th  mgh  this  is 
found  to  be  the  ease  with  tome,  yet  with  far  the  greater  number  the  direction  taken  is 
much  more  regular.  It  has  hence  been  conjeotured  that  it  is  the  sun  itself  which  is  in 
motion — ^the  eonaequence  of  which  would  be,  that  tho«e  stars  which  are  situated  in  that 
part  of  the  sky  which  we  approach  would  appear  to  be  separated  more  and  more,  as  the 
angular  diatanoe  would  inerease  the  nearer  we  approach  to  the  objeets.  In  that  part  of 
the  oeleatial  regions  which  we  are  leairing  behind  us,  the  stars  would  appear  to  be  falling 
cloMr  together  foe  the  contrary  reason.  Although  this  stipptisition,  explaining  the 
proper  motimui  of  atani  as  being  due  to  the  simple  effuct  of  parallax,  was  made  by  both 
Mayor  and  Lambert,  it  waa  Sir  W.  Herschel  who  first  attempted  to  show  the  direction 
of  the  solar  rootioa,  which  he  concluded  was  towards  a  point  in  the  constellation  of 
Heroulea,  whoae  poaition,  in  1783,  waa  at  257**  of  right  ascension  and  65"*  of  north  polar 
diatanoe.  An  attempt  has  since  been  made  by  Argulaudcr  to  solve  this  problem, 
sad  that  oelebratcd  aatrononier  arrives  nearly  at  the  same  result  as  Herschel,  finding, 
from  an  examination  of  the  pn>per  motions  of  three  hundred  and  ninety  stars,  that  the 
part  of  the  heayens  towards  which  the  sun  is  progresding,  is  probably  situated  at 
260'*  51'  of  right  ascension,  and  68**  43'  of  north  polar  diwUnco. 

BVatiurtt  amd  DiffMwnt  ipaeies  of  MtMxm,—lt  would,  of  course,  be  impossible 
to  form  any  idea  of  the  stars;  but  analogy  would  lead  us  to  imsgino  that  the  heat  and 
light  which  they  emit  is  in  every  respect  similar  to  that  of  our  own  sun ;  and  some 
photometrioal  experiments,  which  have  been  made  on  the  latter  object,  seem  to  show 
that,  if  it  were  transported  to  the  same  distances  aa  some  of  the  stars  whoae  distances 
ire  pretty  well  known,  its  magnitude  would  not  be  so  great  as  many  which  we  see 
sronnd  us.  From  the  distance  and  orbit  of  61  Cygni,  Bcsael  was  able  to  arrive  at  a 
rough  idea  of  the  masses  of  tliose  stars,  which  he  found  were  not  greatly  under  that  of 
the  aun ;  and  if  this  waa  the  case  with  a  star  of  that  magnitude,  we  may  conclude  that 
the  brighter  objecta  are  considerably  larger  tlian  our  luminary.  It  is  certain  that 
reflected  light  could  not  roach  us  from  such  immense  distancea,  and  we  must  conclude 
that,  like  our  own  sun,  they  are  self-luminous,  although  ye  know  nothing  of  the 
agonoy  at  work  to  produce  those  extratirdinory  efft-cts.  It  would  be  rash  to  imsgine 
t^t,  like  it,  they  are  all  accompanied  by  a  cortege  of  planets ;  for  some  of  the  latter 
bodies  in  the  solar  system  have  numerous  satullites,  our  own  earth  but  one,  and  others 
none  whatever.  But  it  would  be  c>qually  rash  to  conclude  that  their  heat  and  light 
expend  themselves  in  the  unprofitable  and  dark  voids  of  the  celestial  spaees;  and,  in 
addition  to  the  slight  evidi^nee  which  analogy  aff(ird:<,  we  have  the  further  proo£)  of 
their  being  the  centres  of  gri-at  systems  fr«ni  the  remarkable  phenomena  of  double  and 
(iktm§€dbU  stars,  the  latter  of  which,  in  a  difft>iicnt.  point  of  view,  may  be  regarded  as 
evidence  of  their  rotation  on  their  axes,  as  in  the  rase  of  our  own  sun. 

IKmbto  Stazs. — A  few  of  those  curious  objccUi  have  been  known  ever  since  the  in- 
vention of  the  telescope ;  and  in  a  cursory  examination  of  some  of  the  brighter  stars,  as 
Castor,  (UrssB  Minoris,  a  Herculis,  y  Virginis,  an  observer  could  not  help  detecting 
the  strange  appearance  of  two  stars  close  together  and  almost  blending  their  light, 
forming,  apparently,  but  one  star  to  the  naked  eye.  In  the  middle  of  the  seven- 
teenth century  further  importance  was  attached  to  those  curious  objects,  and  several 
were  closely  examined,  although  without  any  result,  for  the  pui-poso  of  dotcrniining 
their  annual  parallax,  for  which  they  offered  peculiar  advantages.  It  was  then  supposed 
that  all  these  objects  were  fortuitously  or  optically  double,  one  of  the  components — most 
probably  the  fainter— being  situated  at   a  much  greater  distance  from  us  than  the 
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brighter,  but  both  appearing  in  the  same  direction.    It  was  for  this  purpose,  like- 
wise, that  Sir  W.  Herschel  commenced,  in  1779,  to  apply  his  powerful  telescopes  and 
delicate  micrometers  to  the  task  of  recording  their  distances  and  podtiona  in  respect  to 
one  another.    But  in  looking  for  one  thing,  as  sometimes  happens,  another  was  found ; 
and  it  became  apparent  that  the  components  were  not  only  at  the  same  distance  from 
the  sun,  but  that .  the  smaller  body,  in  many  instances,  described  an  orlritr  round  the 
larger  star.    It  should  not  be  forgotten,  howeyer,  and  it  tends  much  to  the  credit  of 
philosophical  conjecture,  that  this  remarkable  law  was  prcTiously  surmised  hy  the  ode- 
brated  Lambert,  who  considered  it  possible  that  there  were  some  groups  in  which  tiw 
stars  might  make  complete  revolutions  round  a  comnion  centre  of  grarity  in  a  ecfrnpnt^- 
tively  short  period  of  time.    Mitchell  conjectured  the  same  law  to  apply  to  the  more 
simple  case  of  a  double  star,  and  in  1784  he  supposes  that  in  a  few  years  thia  question 
would  be  resolved  by  the  stars  whose  positions  and  distances  were  ascertained  hf 
HerscheL     The   great  discovery  was  first   published   by  Herschel  in   1808,  who 
had  then  perceived  a  decided  change  in  the  positions  and  distances  of  seveitl 
stars,  as  (  Ursse  Majori^,  Castor,  (  Bootis,  70  Ophinchi,  {  Gancri,  (  Hereulis,  Ac,  fte. 
The  labours  of  the  elder  Herschel  were  resumed  in  more  modem  times  by  his  cdebrated 
son,  who,  in  conjunction  with  Sir  J.  South,  reobterved  all  the  stars  in  tiie  nordieiii 
hemisphere,  and  who  has  also  observed  independoitly  and  measured  all  those  discovered 
by  him  in  the  southern  hemisphere.  Struve,  at  Dorpat  and  St  Petersburg,  also  madst  the 
subject  his  constant  care  since  the  year  1814,  and  with  the  powerful  means  at  his  cob- 
mand  has  observed  and  reobserved  their  positions  with  the  greatest  possible  accnraejr; 
indeed  thepublioation  of  his  great  work,  ^  Mensures  Micrometricse  Stdlarum  DupUdnm," 
forms  an  era  in  this  subject  This  work  conuins  observations  of  three  thousand  one  hns- 
dred  and  twelve  double  stars,  neariy  three-fourths  of  which  were  discovered  by  hiosdf. 
The  combinations  of  the  components  of  double  stars  take  every  variety,  both  in 
regard  to  magnitude,  distance,  and,  we  might  add,  colour.    The  companenis  of  Castor  j 
ore  each  of  the  third  magnitude  and  of  the  same  ashy  white  eolonr,  and  dose  togedwr,  ! 
as  are  likewise  those  of  7  ^'i®^  ^  ^^  same  respects ;  whilst  the  stars  Polaris, « in  Her>  1 
culis,  y  in  Delpkini,  are  very  different  either  in  magnitude  distance,  or  colour.     Out  of  I 
the  3,000  stars  detected  by  Struve,  only  a  small  portion  have  as  yet  been  detemrinedto  I 
be  phjTsically  connected  or  to  fonn  himmry  t^ems,  as  it  has  been  termed;  and  the  numben  ! 
whose  oibits  and  periods  have  been  even  approximately  determined  are  fewer  stiD.  i 
The  time  which   has   dapsed    since    the  discovery  has  been  too  inconsiderable  to  | 
determine  their  periods,  some  of  which,  as  that  of  Epsilon  Lttbb,  cannot  be  leas  than  1 
2000  years;  and  in  others,  as  in  61  Cygni  or  7  Leonis,  the  period  is  several  hundred  ! 
years.    Among  those  whose  orbits  have  been  determined  with  more  or  less  ezaodMH,  ' 
we  mav  mention  the  following : — 


NameoftheSlar. 

!  Meui  DisUBce  of  \ 

Eecentrkitr. 

Period. 

Dirpction  of   ; 

3loliOM. 

i 

Tears. 

(Hereulis    .    . 

,           l-2o 

0-448 

36-4 

,                                    ; 

il  Ureae  Minoiis 

2-44 

0  431 

61-6 

-  Betn>gTade.  ' 

If  C*>r.  Bor.  .    . 

1-20           i 

0-404 

678 

Difeet          » 

1     70  Ophinehi     . 

4-97 

0-444 

92-3 

Retrograde.  1 

1    •-  Cimtnae     .    . 

20Z 

0  577 

199^ 

Dircet          { 

,    7  Virginia    .    . 

Castor     .    .     . 

1 

5*3o 

0S68 

1576 

Betrognide.  | 

7  01 

0797 

230-3 

Retrograde. 
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M.  SaTtry  was  tho  fint  who  detonnined  that  the  rcroliition  of  a  star  round  its 
primary  was  performed  in  tho  same  manner  as  that  of  a  plnnot  round  the  snn,  and 
conformably  to  the  laws  of  graritation ;  and  the  fame  principles  applied  to  other  stars 
have  shown  that  the  first  two  laws  of  Kepler,  founded  upon  the  motions  of  Mars, 
extend  to  the  reydlution  of  sun  around  sun.  In  determining  the  orbit,  supposing  it 
to  be  an  ellipse,  the  same  elements  haye  to  be  deduced  as  in  a  planetary  orbit,  with 
the  exception  that  the  period  of  revolution  and  the  semi-major  axis  are  here  two 
distinct  elements,  and  that  the  latter  is  not  expressed  in  linear  measure,  but  in  an  are 
of  a  great  drole.  From  four  obserrations  of  the  angles  of  position  and  the  distances, 
knowing  the  intenrals  and  taking  the  Keplcrian  laws  as  the  basis  of  ealculation,  the 
seyen  elements  of  period,  semi-msjor  axis,  eccentricity,  nodes,  inclination,  position  of 
peri-astre,  and  epoch  of  the  peri-astre,  can  be  determined.  In  the  first  place,  how- 
STer,  the  •ppmrtni  ellipse  must  be  determined  before  the  th^I  one  can  be  arrired  at. 
The  first  is  that  which  thQ  star  describes  around  its  ptimary  on  the  plane  of  the  sky ; 
but  tlm  orhit  may  be  inclined  at  any  angle  to  this  plane,  and  it  is  only  when  the  plane 
of  the  orbit  is  perpendicular  to  tho  line  of  sight  that  the  true  and  apparent  ellipses  are 
identical.  The  projection  of  the  circular  or  elliptic  orbit  on  the  plane  of  the  heayens 
ramahis  always  an  ellipse,  but  the  projection  of  the  focus  snd  the  mfijor  and  minor 
ixes  will  take  different  positions ;  and  the  proportions  of  the  latter  to  one  another,  and 
sonsequently  the  eccentricity  of  the  orbit,  will  be  different.  In  consequence  of  this 
diffarenoe  between  the  apparent  and  true  orbits,  we  sometimes  see  the  one  star  pro- 
jected on,  or  occulted  by,  its  companion.  Such  was  the  case  with  y  Virginia,  which, 
fhim  1884  to  1836,  appeared  as  a  well-defined  single  star.  The  plane  of  the  orbit 
of  the  companion  of  44  Bootis,  is  almost  perpendicular  to  the  plane  of  the  heayens ; 
nd  between  1802  and  1819  an  almott  central  occultaticn  must  haye  taken  place.  The 
companion  of  |  Heroulis  has  twice  undergone  an  eclipse,  in  consequence  of  the  great 
mdination  of  the  orbit  to  the  plane  of  vision— once  in  1802,  and  again  in  1881. 

In  addition  to  the  double  stars,  triple  and  quadruple  stars  are  sometimes  met  with ; 
tad  if  the  fortuitous  combination  of  the  former  is  so  little  to  be  expected,  that  of  the 
Utter  is  much  less  probable.  Among  the  more  conspicuous  of  the  triple  stars,  that  of 
\  Cancri  holds  the  most  prominent  position,  the  three  stars,  all  of  which  are  nearly  of 
the  same  magnitude,  being  physically  connected.  The  close  double  star  has  made 
Qpwacrds  of  a  revolution  in  a  retrograde  direction  since  1782,  and  the  more  distant  one 
has  mored  fifty  degrees  in  the  same  time.  In  the  list  of  quadruple  stars,  the  most 
remarkable  is  that  of  e  and  6  Lyre,  which  can  be  detected  as  dovMe  by  a  keen  eye 
without  the  aid  of  any  instrument ;  but  each  of  which,  when  examined  with  a  power 
of  two  hundred,  apx>ear  as  a  double  star,  the  four  components  being  nearly  of  the  same 
magnitude  and  colour.  This  system  likewise  seems  to  be  physically  connected. 
Among  the  multiple  stars,  that  of  B  Ononis,  situated  in  the  centre  of  the  groat  nebula, 
is  the  most  apparent,  six  stars  being  situated  in  a  circle  of  twenty-three  seconds  in 

diameter. 

The  colours  seen  La  the  components  of  many  double  stars  have  been  described  by 
lome  as  an  optical  illusion,  on  the  ground  that  it  is  always  tho  complementary  colours 
which  are  thus  perceiyed,  as  in  a  aimilar  manner  a  white  spot  seen  on  a  red  ground 
will  appear  green.  It  is,  however,  impossible  to  yiew  the  components  of  a  Heroulis 
or  y  Androm^a,  without  coming  to  the  conclusion  that  they  have  a  proper  colour  of 
their  own,  and  that  the  blue  and  orange  so  vividly  distinct  is  something  more  than 
the  effect  of  contrast.    In  those  stars  which  show  high  and  brilliant  colours,  the  larger 


282  TEMPORARY   AND   VAKIABLE  STARS. 

Star  is  always  of  a  golden  orange,  the  smaller  greenish  or  bluish.  In  many,  however, 
the  components  are  of  the  same  colour ;  but  it  seldom  happens  that  the  two  cqIouts  are 
of  a  bluish  or  greenish  tint,  most  frequently  they  are  whiie  and  yellow. 

Tca&povaxy  and  Taxiable  Staxj. — Those  stars  which  vary  in  brilliancy  from 
time  to  time,  and  others  which  suddenly  suom  to  start  into  existence  and  disappear  ai 
precipitately  as  they  have  become  visible,  must  be  regarded  as  the  most  curious  <ibjecti 
in  the  heavens,  for  they  prove  manifestations  of  life  and  motion  in  the  immeBsuimbly 
distant  regions  of  space ;  they  form  one  of  the  subjects,  too,  in  which  even  a  lover  of 
science  who  does  not  possess  a  telescope  can,  by  simple  observaciun  .of  the  relstin 
brightness  of  the  various  stars,  recorded  on  favourable  opportunitieB,  coniiBr  oonsidei^ 
able  benefit  on  this  branch  of  sidereal  astronomy.  A  telescope  in  this  case  is  of  little 
value ;  the  field  of  view  is  much  too  small  to  include  the  stars  pmper  for  comparisun 
with  the  object  whose  light  is  suspected  to  be  variable,  and  tlie  photometer  has  hitherto 
been  of  very  little  service.  The  mo8t  accurate  results  which  have  been  obtained  ti 
yet  are  due  to  observations  with  the  naked  eye,  compared  with  stars  in  its  vicinity ; 
by  this  means  the  interval  between  the  faintest  und  brightest  phases  have  been  found 
with  fur  more  accuracy  than  at  first  sight  would  be  imagined. 

There  are  numerous  instances  of  the  appearances  of  temporary  stars  recorded  i& 
the  Chinese  annals,  but  tbe  two  most  remarkable  of  those  phenomena  have  occurred  in 
comparatively  modem  times,  and  have  been  minutely  described  by  the  two  grest 
contemporaries,  Tycho  Brahe  and  Kepler.     The  first  appeared  in  the  year  1572,  in 
the  constellation  of  Cassiopeia.    On  the  llth  of  November  of  that  year,  when  seen  for 
I    the  first  time  by  TyAo,  it  surpassed  in  brilliancy  both  Sirius  and  Jupiter,  the  moit 
I    lustrous  objects  in  tbe  heavens.     In  the  following  month  it  had  diminished  slightly  in 
I    brightness,  but  was  still  equal  to  Jupiter.     At  the  beginning  of  1573  it  was  inferior  to 
I    that  planet  in  brightness,  and  by  the  end  of  March  it  was  not  brighter  than  the  prin- 
<    cipal  star  in  Taurus,  although  still  a  g<»od  first  magnitude.     It  continued  gradually  to 
decrease  until  the  end  of  the  year,  but  remained  visible  to  the  naked  eye  until  March, 
1574.     If  its  period  of  increase  was  equal  to  its  period  of  decrease,  it  must  have  been 
visible  to  the  naked  eye  for  nearly  three  years,  as  it  was  not  noticed  until  it  had 
attained  its  maximum  brightness.     For  a  dt^cription  of  the  second  instance  we  are 
indebted  to  Kepler.    It  was  perceived  suddenly  in  tfate  constellation  Serpentarius  on 
October  10,  1604,  and  appears  to  have  been  nearly  as  brilliant  as  the  former  ons^ 
though  not  so  favimrably  situated  for  obscrvatitm.     It  remained  visible  to  tbe  naked 
eye  (the  telescope  had  not  yet  been  invented)  for  upwards  of  a  year.     A  star  of  the 
third  magnitude  also  appeared  suddenly  in  the  constellation  of  Cygniu  in  the  year 
1670,  which  soon  afterwards  disappeared  ;  it  again  uiude  its  appearance,  and  again  dis- 
appeared, and  has  not  been  since  seen.   It  undeiwent  several  changes  during  the  tvo 
years  in  which  it  was  observed. 

▼atiable  Periodic  Stais. — The  appearance  of  temporary  stars  are  as  ran  as 
the  phenomena  observed  are  extraordinary.  Of  a  similar  nature,  however,  are  the 
class  of  periodic  variable  stars,  M'hose  changes  of  lustre  are  equally  as  decided  and 
curious  as  those  of  the  objects  just  mentioned ;  being  more  known,  however,  thef 
excite  less  attentiim.  The  mtist  singidar  of  those  objects  is  0 micron  Ceti«  whose 
variability  was  first  discovered  by  Holwarda  in  1639,  and  which  haa  a  period  of  abool 
eleven  months.  Although  at  its  maximum  brightness  it  reaches  to  the  second  magai- 
tude,  it  does  not  appi^ar  to  have  been  at  all  noticed  by  any  observer  previous  td  1506 ; 
but  this  may  be  partly  in  consequence  of  the  length  of  its  period,  for  if  the  maximum 
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intensity  uf  light  falls  in  tho  sumTiier  months,  it  may  sometinied  rfiiiQin  invisible  for 
three  or  four  years  together.  During  the  winter  months  this  is  not  the  case ;  but, 
as  happened  in  February  and  December,  1847,  two  maxima  may  take  place  during 
the  same  year.  There  is  another  circumstance  which  has  been  noticed,  and  which 
may  tend  to  explain  the  silence  of  ancient  authors  and  obscryers.  This  is  that  the 
star,  when  at  its  maximum  brightness,  does  not  always  reach  the  same  bril- 
liancy, sometimes  approaching  in  brighlness  to  stars  of  the  first  or  second  mag- 
nitudes at  this  period,  whilst  at  other  times  it  is  not  brighter  than  the  fourth  magni- 
tude at  its  maximum.  It  has  generally  been  supposed  that  it  disappears  entirely  at 
the  period  of  its  minimum  eyen  in  the  best  telescopes ;  but  this  is  not  always  the  case, 
fur  at  these  times  it  has  occasionally  been  observed  to  be  not  fainter  than  stars  of  the 
eleventh  magnitude.  What  its  variations  of  light  may  be  when  visible  only  in  the 
telescope  is  not  very  well  known,  as  it  has  not  been  closely  observed  at  those  times ; 
but  it  is  certain  that,  whilst  visible  to  the  naked  eye,  its  fluctuations  of  brightness  are 
very  remarkable.  It  is  visible  to  the  naked  eye  on  an  average  for  about  two  months 
previous  to  the  period  of  its  maximum  brightness ;  but  the  period  of  its  diminution  of 
brightness  is  generally  longer  than  that  of  its  increase,  and  it  has  been  visible  to  the 
naked  eye  for  three  months  after  its  niaximuin,  the  average  duration  being,  however, 
only  seventy  days.  It  sometimt'S,  but  rarely,  happens  that  the  interval  which  elapses 
between  its  coming  into  sight  and  its  maximum  brightness  is  greater  than  the  time 
between  its  maximum  and  disappearance.  Some  attempt  has  been  made  to  reduce  the 
fluctuations  which  its  light  undergoes  and  established  a  law ;  but  some  of  the  changes 
ire  too  abrupt  and  irregular  to  be  dealt  with  in  this  manner  or  to  be  foretold  with  any 
accuracy. 

Among  the  other  stars  of  long  period,  which  are  visible  to  the  naked  eye  for  a 
j  length  of  time,  and  then  entirely  disappear  from  sight,  is  x  ui  the  neek  of  Cygnus, 
!  which  is  almost  as  remarkable  as  the  preceding.    Its  light  varies  between  the  fifth  and 
I  eleventh  magnitude.    Its  maximum  brightness,  like  that  of  o  Ceti,  is,  however,  very 
I  Tariable ;  sometimes  it  reaches  to  the  fourth  magnitude,  and  at  other  times  its  maximum 
I  is  not  more  than  the  6*7  magnitude,  when  it  is  quite  invisible  to  the  naked  eye.    The 
i  variability  of  the  light  of  this  star  was  discovered  by  Grottfried  Kirch,  but  the  period 
I  was  first  found  by  Maraldi.    The  interval  between  its  successive  maxima  and  minima, 
I  as  well  as  its  intensity  of  light,  at  those  times,  has  since  been  discovered  to  be  very 
irregular.     On  some  occasions  it  has  been  visible  to  the  naked  eye  for  a  period  of 
nearly  three  months ;  but  the  average  duration,  accoi-ding  to  Argelander,  is  only  fifty- 
two  days,  being  twenty  days  of  an  increase  and  thirty-two  of  a  decrease.    The  longest 
period  which  has  yet  been  recorded  in  the  class  of  variable  stars  occurs  with  the  star 
I  80  Hydras,  whose  period  has  been  determined  by  Maraldi  at  four  hundred  and  ninety- 
I  four  days,  this  period,  however,  is  very  irregular.    At  its  maximum  brightness  it  some- 
times arrives  at  the  fourth  magnitude,  and  at  other  times  only  at  the  fifth,  and  thence 
it  decreases  in  brilliancy  until  its  entire  disappearance.    Tlie  star  19  Leonis  is  another 
with  a  very  long  period,  the  interval  he t ween  its  successive  maxima  being  three  hundred 
and  eleven  days.     This  period,  however,  is  also  somewhat  irregular,  and  the  changes 
in  its  brilliancy  occasionally  abrupt.    At  its  maximum  brilliancy  it  is  equal  to  stars  of 
the  fifich  magnitude,  and  is  invisible  at  its  minimum.     These  are  the  only  four  stars 
hitherto  discovered  which  are  invisible  to  the  naked  eye  at  their  maxima,  and  vanish 
outof  sight  at  their  minima,  except  to  the  most  powerful  telescopes.    There  are  a  few 
other  stars  discovered  by  Harding,  Schwerd,  and  Hind,  with  periods  which  appear  to 
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be  upwards  of  a  year ;  but  even  at  their  maxima  these  stars  are  only  yiaible  in  a  tele- 
scope, and  not  the  slightest  trace  of  them  can  be  perceived  in  the  best  instruments  at  the 
epoch  of  their  minima. 

In  others  of  the  variable  stars,  the  period  is  much  shorter ;  but  the  change  of  light 
is  not  so  considerable.  The  most  remarkable  of  those  is  the  star  /3  Persei,  in  vhich  the 
interval  between  two  successive  maxima  ia  only  2d.  20h.  48m.  dSs.,  and  is  otherwise  a 
very  curious  object  from  the  abrupt  and  variable  changes  of  brilliancy  which  it  exhi- 
bits. For  the  greater  portion  of  its  period  it  remains  at  nearly  its  maximum  brightnen, 
or  of  the  two  and  a  half  magnitude.  In  about  four  hours  it  suddenly  decreases  to  the 
fourth  magnitude,  which  is  its  minimum  brightness,  and  in  a  like  period  of  four  houn 
it  regains  its  furmer  brightness.  There  are  other  but  less  remarkable  changes  in 
its  brightness ;  it  is  one  of  the  best  determined  of  the  variable  class.  The  majority 
of  the  periodic  stars  shine  with  a  reddish  light,  but  this  shows  no  sign  of  colour,  being 
of  a  pure  white.  The  star  9  Cephei  has  a  period  of  5d.  8h.  37m.,  with  a  variation  of 
brilliancy  from  the  third  to  the  fifth  magnitude.  This  star  exhibits  great  regularity  in 
its  successive  changes  of  brilliancy,  which  have  been  determined  with  considerable 
exactness ;  but  the  periods  of  increase  and  decrease  are  very  dissimilar,  as  it  takes 
3d.  18h.  to  pass  from  its  maximum  to  its  minimum,  and  only  Id.  15h.  to  return  from 
its  minimum  to  its  maximum,  according  to  the  careful  observations  of  Argelander. 
During  eight  hours  of  its  decrease  it  scarcely,  if  at  all,  changes ;  and  for  a  whole  day 
its  diminution  of  brightness  is  scarcely  perceptible.  Two  other  variable  stars  of  short 
period — i}  Aquilse  and  /3  Lyrae— are  known  at  present.  Both  of  those  stars  change 
from  the  three  and  a  half  to  the  four  and  a  half  magnitude ;  the  former  in  7*18  dayi, 
the  latter  in  12-8  days.  The  period  of  the  latter  star  was  first  stated  to  be  6d.  9h.  by 
Goodricke,  who  detected  its  variation,  which  he  at  first  supposed  to  be  from  the  third  to 
the  fifth  magnitude.  In  this  determination  of  the  length  of  the  period  he  was  partly 
correct ;  fur  it  is  one  of  those  stars  in  which  there  is  a  smaller  variation  of  brillianey 
within  the  larger  period.  After  its  minimum  brilliancy,  it  passes  in  3d.  6h.  to  its  fint 
maximum,  aud  then  in  3d.  3h.  to  its  second  minimum.  In  3d.  2h.  it  agtin  rises  to  iti 
second  maximum,  and  after  this  in  3d.  12h.  to  its  former  minimum.  The  whole  period, 
according  to  Argelander,  is  1 2d.  21h.  46m.  40s.,  in  which  period  it  performs  all  the 
preceding  changes.  This  celebrated  astronomer  is  of  opinion  that  the  period  is  dimi- 
nishing, and  that  it  is  now  some  hours  shorter  than  when  first  dibcovered.  Even  from 
recent  observations  it  is  apparent  that  there  is  a  decrease  in  the  period. 

Previous  to  the  time  of  Sir  W.  Herschel,  it  was  only  ptars  of  very  long  and  vny 
short  periods  w^hich  were  known  to  be  variable.  The  period  of  a  Herculis,  discovered 
by  him  proved,  however,  that  there  was  an  intermediate  class.  This  star  ia  remarkaMe 
for  its  deep  orange  red  colour,  which  is  very  strikingly  contrasted  with  its  small  duk 
blue  companion.  The  period  was  considered  by  Herschel  to  be  63  days,  but  the  dhange 
of  lustre  is  very  slight*  being  only  from  the  third  to  the  third  and  a  half  magnitudob 
There  is  still  some  doubt  respecting  its  period,  some  observers  considering  that  it  ii 
as  much  as  ninety-five  days ;  but  from  seven  years'  observations  it  would  appear  that 
a  period  of  sixty-six  days  would  agree  better  with  the  changes  which  it  undergoea. 
The  observer  Heis,  who  has  particularly  attended  to  this  species  of  phenomena  is  of 
opinion  that  the  variations  of  light  are  best  satisfied  by  a  period  of  184'9  days  with  two 
maxima  and  two  minima.  Since  the  time  of  Herschel,  various  other  stars  of  mtdim 
perioda  have  been  added  to  that  of  a  Herculis,  nearly  all  of  which  are,  like  it,  stars  of 
considerable  magnitude.    Thus  a  GaftSiope\a&  c\is.Ti^%  ^tvvm  the  second  to  the  third  maf- 


ROTATION  OF  STARS  OX  THEIR  AXES.  •  285 


nitade  in  79d.  8h.,  according  to  Biot ;  but  it  is  very  difficult  to  dctennino  tho  exact 
period,  the  change  of  brilliancy  being  yvry  alight  and  apparently  irregular.  This  is 
equally  the  case  with  a  Ononis,  which,  at  its  minimum,  becomes  slightly  inferior  to 
stwa  of  the  first  magnitude ;  and,  according  to  Argelander,  tho  period  of  increase  of 
light  takes  place  in  ninety-one  days  and  a  half,  whilst  it  continues  to  decrease  in  bril- 
liaaoy  during  a  hundred  and  four  days  and  a  half.  The  period  of  a  Ilydne  is  supposed 
by  aome  to  be  performed  in  flfty-fiye  days ;  but  tlio  change  of  brightness  being  minute, 
as  in  other  inatjmoea,  it  is  somewhat  doubtful.  Sir  J.  Ilcrsohol  considers  it  to  be  per- 
formed in  twenty-nine  or  thirty  days.  The  star  commonly  designated  as  /  in  tho 
coniteUation  otSokitakCa  Shiddy  is  remarkable  for  the  great  yoriation  of  its  magnitude, 
particularly  at  its  minimum,  when  it  yarics  between  the  sixth  and  ninth  magnitudes.  At 
its  maximum  it  only  yories  between  the  fifth  and  sixth.  Among  those  of  shorter  period 
may  he  counted  that  of  /3  Pegasi,  which  yarics  between  the  second  and  second  and  a  half 
magnitude,  but  whose  period  is  not  more  than  forty  days.  At  the  present  time,  wo  thus 
know  atara  of  almost  eyery  period  from  2d.  20h.  to  406d.  Ih.  There  are  ten  whose 
period  yariea  between  1  and  100  days ;  two  between  100  and  200 ;  eight  from  300  to 
400 ;  and  two  aboye  400.  It  is  curious  that  there  are  none  at  present  known  whose 
period  ia  between  200  and  300  days. 

Henchel  considered  that,  by  introducing  a  medium  period  between  those  which 
were  ycry  long  and  yciy  bhort,  ho  proycd  the  rotation  of  those  objects  on  an  axis, 
by  which  means  such  portions  of  their  surfaces  as  were  dark  and  obscure  came  into 
light  at  stated  times,  and  hence  their  apparent  faintness.  To  the  astronomers  of  the 
16th  and  17th  centuries— by  many  of  whom  tho  rotation  of  the  earth  was  doubted,  and 
that  of  the  other  planets  unlfnown— this  method  of  accounting  for  it  would  haye 
appeared  strange.  It  was  attempted,  howeyer,  by  Bouilland  to  explain  the  changes  of 
Omicron  Get!  on  this  principle ;  the  larger  portion  of  the  surfaoe  of  this  star  was, 
he  considered,  non-luminous,  which  rendered  it  inyisible  for  the  greater  part  of  its 
period.  Another  supposition  in  respect  to  those  changes  was,  that  they  were  due  to  the 
interpodtion  of  opaque  bodies,  by  which  their  light  was  more  or  less  eolipsed  at  regular 
intanrala.  Maupertiua  considered  that,  among  the  many  stars  which  were  scattered 
through  space,  there  were  some  whose  figure  wus  not  regularly  spherical,  but  greatly 
flattened  at  the  polar  regions,  and  that  the  yariations  of  light  were  due  to  the  thin  edges 
of  those  being  sometimes  presented  to  yiew  and  at  other  times  the  large  surface  of 
the  flattened  disc.  There  is  yet  no  experimentwH  erueii  known,  by  wMoh  it  can  be 
said  whether  either  or  any  of  these  hypotheses  are  correct. 

Glvflton  and  M^biila, — ^The  most  striking  and  magnificent  objects  which  the 
sidereal  heayens  present  to  view,  are  the  clusters  and  nebulas,  where,  in  a  telescopic 
field  of  yiew  of  a  few  minutes  in  diameter,  we  may  perceiye  a  crowd  of  sturs  collected 
together  and  fbrming  a  small  patch  of  light,  the  indiyiduals  composing  which  must  be 
lonie  thousands  in  number.  To  those  wherein  the  stars  are  plainly  seen,  haye  been 
giyen  the  name  of  elusUrt ;  but  in  others  which  are  unresolycd,  the  terms  nebula  and 
ynresoked  nebtUontiea  haye  been  applied.  The  nebuloB  and  clusters  which  are  at  p^sent 
known  are  of  eyery  degree  of  rcsolyability,  and  though  some  of  those  which  are 
generally  called  nebules  haye  been  resolyed  by  the  most  powerful  instruments,  yet 
there  are  others  which  haye  baffled  all  the  attempts  of  opticians  to  separate  them  into 
indiyiduals.  They  are  of  eyery  conceiyable  shape  and  size,  from  the  regular  and 
minute  form  of  the  planetary  nebula  of  a  few  seconds  in  diameter,  V>  ^ik<(i  ^TCkicsr^^x^.^  ^ 
and  large  surfSeu^e  of  the  great  nebula  in  Orion.    Numerous  cVustei^  oi  «\ax^  ^t^  -sSs^^ 
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to  tbe  iLak«il  eye,  M  the  PleiwdeB,  Hy&defl^  the  Pri3eep$  ofConoer,  ondtliat  m  th« 
sword  handle  of  Perseui ;  and  in  the  louthern  hemkphere  we  hare  the  MdgeUaok 
Clouds,  which  coT^r  a  ipuce  of  some  a^juare  degreei- 

The  moat  magmfioeai;  i>f  the  duAtera  which  hare  been  reaolv^d  b^  tlie  teltiidDpt^  u 
thut  in  the  constelktioii  of  Heroulefl  (Fig,  73),  which  can  be  dtitocted  on  aekftf  nHf^bj 
the  naked  eye,  and  which,  in  the  teleteo|i«} 
presents  one  of  the  flaeat  iDcCancea  of  denae, 
isolated  cluatering  i&  the  whole  of  the  beav^ia. 
Ihe  atari  ftie  frgm  the  tenth  to  the  Afiei^nth 
niagnitudea,  and  are  so  denaely  congregated 
round  tlie  centre  that  it  presents  the  appear- 
anoe  of  a  blaae  of  light  in  that  part.  The  etai^ 
at«  pretty  evenly  diatrihuted  in  the  interior, 
but  are  rather  irregular  at  the  edges,  where  the 
Etan»  are  formed  into  eurTilmear  branchea.  Sir 
J^  Herschel  ia  of  opiDvon  that  there  are  eor^e 
thoiwandi  of  Ibem,  aome  of  whicJi  are  the 
faintvat  tit  at  the  tel^CEjpe  can  show.  Thi^ 
ubJQCt  ia  only  fteven  or  eight  mintitea  in  diame^ 
tor,  and,  with  the  telescope  which  Sir  J,  Her-  j.'i^,  7^, 

achel  employed,  no  apiiearacce  of  a  naclt^ua  wa^  perceptible  t  although,  with  a  imaU«f 
oDe,  auch  might  be  suapeoted. 

llie  iifth  object  in  Meaaiei^a  catalogue,  ia  another  Tery  rioh  but  compresfted  ipeci- 
men  of  a  globular  duster  [tight  BBCt'UsiDii  Ifih,  lOm*,' north  poler  diatance  87*  Iff]' 
In  thie  caae  (Fig.  74:)  the  deiiflity  to wai-il«  the  i^ntr^i  ia  not  graduuLi  the  condeniaticin 
commem^ea  auddenlj,  and  the  bla^e  of  light  in  Co  wbiuh  it  la  fiirmed  appears  prtjeoted 


Fig.  7J, 


Fiff.  ?3. 


OB  a  loose  irregular  grouud  of  atara.  The  neighbourhood  of  thia  cluster  is  Tery  poor  ia 
atars— aeircumatance  wbioh  Sir^  W,  Herachel  remarked  in  other  oasea,  and  whwi 
he  conceived  might  be  due  to  the  Btara  being  attracted  to  one  point  and  formed  into 
one  duster.  The  cluster  aituated  at  2lh.  25iii.  right  ascenaion  and  91"  34'of  iH*rth 
polar  di&tancc,  appears  like  an  iinrc&olved  nebula  >yith  ioatrumenta  of  even  conai^ieT^ 
able  power ;  and  it  ia  only  when  viewed  with  the  groat  light  and  high  magnifyiag 
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IK^wcrt,  that  fflha  tracea  of  stars  becfim<j  apparent  on  iu  lurfttoe  (Pig,  75).     Finir 
specimtfna  of  clusterft,  or  ratlitr  nehuLE^  tutrdi/  rpanlwd,  are  arpn  ui  Fig*.  76  itnd  77, 


rig.  7ii. 


iiiy.  17, 


where  It  iakea  a  Tery  fine  iky  and  flplendld  initrument  to  sliow^  the  gralnB  of  itar^dust 
funtlv  visible  on  il&  surface,  Wb  nxny  consider  tb«  latter  of  thoae  ea  the  extr^ini? 
ixpundarj  of  the  oluatpring  speoies,  after  wlii^jh  the  nebulie,  properlf  ao  ealledj  b^gin. 
Aa  the  nfflL^uling  tC'loscopti  advpnoos  morf?  nnd  more  to  pw^uction,  we  may,  however, 
expect  that  many 
ot^jectawill  h6  won 
from  tho  mystfiri- 
oiu  dun  Lain  of  ne- 
bulas, and  plautid 
to  tbft  fliM^imt  of 
tli«  more  tfXplieablc 
( lusters, 

ITio  large  (jlaa- 

proftch  ta  ri'guly- 
rny\  but  this  cqd 
scarcely  be  said  of 
iho  marui  outuiider- 
ablc  nebulaj.  Tho 
A  nest  of  tboae  ia, 
withuufe  doubt, 
that  of  Orion  (Fig. 
78),  which,  for  its 
T«]J0iii  inequali- 
ties of  light  and 
ahadB,  ita  great 
extent^  anil  the 
capriciuua  irrpgu-  *'K-  *^' 

laritiesin  the  form  of  the  great  promontorJes  whieh  jutout  from  the  main  body » con - 
atitiite  it  ono  of  iho  moat  noble  and  njTstcHoiis  of  tho^e  objects.      When  examined 
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with  the  two-feet  mirror  of  Sir  John  Henchel  and  lome  powerful  refractiiig  tdesoopes,  it 
ahows  some  signs  of  resolvability,  being  likened  to  a  curdling  mass,  or  the  breaking  upof  a 
mackerel  sky.  But  with  the  great  mirror  of  Lord  R^isse,  the  resolution  is  complete,  and  it 
is  broken  up  into  distinct  stan,  which  are  scatti'red  in  irregnlar  maaaea  tbroog^  ita  body. 
The  great  nebula  of  Andromeda  (Fig.  79)  is  another  reryi  eon^icaoiia  dbfeet  of  the 
class,  and  may  even  be  perceived  with  the  naked  eye  on  a  fine  dazk  night.  It  ia  a  long 
clliptiofll  ray  of  light  nither  brighter  towards  the  centre^  and  was  eomptred,  by  ita 

discoverer,  Simon  Ha- 
riua,  to  fhe  flame  of  s 
lamp  shining  tfarongli 
ft  piece  of  horn.  With 
the  improved  optical 
meanaoi  mora  modem 
timea,  equally  aa  with 
the  imperfect  telescope 
of  Marina,  bo  signa  of 
resolvability  have  as 
yet  appeared,  though 
the  surface  has  been 
noticed  to  be  dotted 
over  with  innumerable 
stars,  which  are  not, 
however,  supposed  to 
Kg.  79.  1,^  directly  connected 

with  it,  being  merely  casual  groups  interposed  between  it  and  the  sun. 

The  majority  of  the  nebuls  hitherto  discovered — ^now  upwards  of  8,000  in  number- 
are  mostly  of  a  regu- 
lar form,  being  either 
circular  or  more  or 
less  elliptic,  like  that 
of  Andromeda.  But 
there  aromany  others, 
and  those  among  the 
largest  and  brightest, 
in  which  the  nebulous 
matter  is  dispersed 
very  capriciously,  no 
regularity  being  per- 
ceptible. Among  the 
latter,  the  one  situated 
at  272''  42"  of  right 
ascension,  and  106'  15' 
of  north  polar  dis- 
tance (Fig.  80),  may 
bo  instanced,  being  of 

tho  shape  of  the  large  ^^s:*  80. 

Greek  omega,  and  no  symptoms  of  resolvability  being  apparent.  Among  the  more  r^ 
gular  forms  are  those  termed  annular  nebuls  and  eometary  nebulee.    The  fine  object  situ- 
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00^40' of  right  ascension,  anil  41°  S6'  of  nordi  pokr  dktaDce  (Fig.  81],  and 

!  large  anaugh 

tQTceiTcd  OS  a 

tch  of  light  im 

.  teletoope,  is 

Eihd  ijamt  in- 

of  the  former^ 
iiLBtaiic^  the 

ling  ring  %p- 

n  tbe  two  foot 

>f  Bir  J.  Her- 

be  dlfidfld  into 

Qchn ;  but  in 

t  t^oicfipe  of 

Kae,  thii  whole 

10  fonn  of  a 

nd  many  curi- 

^t&ila  be<:omo 
Tbe  inialkr 
below    (bere 

it«d   aa  quite 

1),  appBAfB  to 

nested     with 

l&t  body  by  a 

ig  branob  of 

li,  A  iinespe^ 

tb«  more  nm- 

nve  form  of  Fi^.SL 

u  that  iituated  in  the  c«ni«tt"Uatiim  of  Lyra  [Fig.  82)  at  281°  49'  of 
and  Sr  11'  of  nonh  polar  dktam^    It  a*  not  ^luio  dork  ia  th^ 


Fis,&3, 


*  is.  83. 


The  form  of  conicUry  nebuhe  will  be  HoeTj  by  Fig.  83,  tiio  pointed  end  being 
ippAreally  to  a  star  wbich  uppoara  like  a  Etullur  nucleua. 


ITRONOMY.- 
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la  the  circular  or  gliabultur  fbmi  i»f  ni-bul^E^i  tbi!  d('|rret»  of  Cfmdi^iiKEUoacif  tbeneliu- 
imifl  matter  U^warda  their  rcntrc  U  Torj  diffV-'rerit*  In  Fig.  84,riflit  ucenaloa  IS"  46', 
north  poUr  diatuice  77"  59',  thare  ia  little  or  no  comdeniAtloa  tu wards  the  middle^ 


Fls.&i. 


F1#.S5, 


InFif.  Sfl^rigbtawseniioTi  202"  U\  cortls  pokr  diitanoe  107'  l\  the  condeniation  i» 
uiJiuideTably  mora  marltod.  In  Fig,  86,  ri^fhl  flBcenBirin  fiO'  43',  north  polar  di#- 
tanw  47"  57 V  th©  central  brigbt  purdon  u  of  smnller  exient  ihim  in  the  laat  itisttnMt 


FlF**ft, 


F%.  87. 


but  better  defined  And  much  more  luetrott^*  In  Fig.  87,  right  aacenaicm  £9*  W^  nortJ] 
pcdar  dbimoe  &T  Wj  the  control  pirtion  b^fecnnBB  almost  itellju-j  app^ariag  like » 
well-deflaed  star  surrounded  bf  a  balo,  Th«>  difTerent  dt^greea  of  oondenfiatloti  recug- 
nizable  in  these  obj^tSi  led  Iluraobel  to  imagine  that  tbe  nebulous  matter,  in  the  oaime 
of  Qgea,  undorwent  conaidemblo  ohaugos,  and  that,  having  conO tensed  gradual It^  the 
nebulse  finally  ended  by  becflming  atars,  Tbeee  dianjsrefl  were  bo  alow  that  they  hsd 
not  ytit  been  perceived;  but  it  was  visible,  by  comparing  them  together^  thataiich 
probably  woa  the  casB.  In  aome  cages  tht;  central  star  nr  itai-a  waa  diatinctlv  viBJ^»ie. 
Such  an  object  is  pcrcBivc-d  at  right  aflccnaion  295^5*,  irnrth  polar  distancu  S9*  54' 
(Fig?*  88),  in  which  the  nebula  ia   evonly  diatributtd  round   the   star.      At  riffht 
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•n   271°  45*,   north   polar  diatanco    109''   66'  (Fig.  89),  an  elliptic  nobiila  is 
with  a  small  star  situated  in  each  of  tho  foci  of  the  ellipse  ;  and  at  Fig.  90, 


>lg.8S. 


Y\g.99. 


oension  80^  3',  north  polar  distance  ^o"*  54',  a  triangle  of  stars  are  congregated 
mtre  of  A  small  nebula.  In  those  which  were  equally  bright  throughout  the 
iio,  Herschel  conjectured'that  the  star  was  not  Tisible  on  account  of  its  faint- 


Fiff.90. 


Fig.  91. 


•  from  being  surrounded  by  a  dense  nebulosity.  Such  a  one  is  situated  at  right 
m  lee"*  12',  north  polar  distance  34°4'(Fig.  91). 

>ng  the  most  curious  forms  of  the  nebuliB,  those  which  are  double  take  a  pmmi- 
ice.  In  these,  both  tho  comp<ments  are  sometimes  of  equal  magnitude  (Fig. 
ht  ascension  1 74'' 20*,  north  polar  distance  55°  31';  and  similar  in  every  respect, 
those  at  Fig.  93,  right  ascension  1 40'' 38',  north  ][>olar  distance  67°  45';  and 
4,  right  ascension,  183°  18',  north  polar  distance  84°  35',  where  they  arc  of 
ir  size  and  condensation.  In  all  those  examples  the  components  are  joined 
r  by  the  surrounding  nebulosity,  but  in  some  ciises  the  two  nebulas  are  quite 
:,  as  in  Fig.  95,  right  ascension  342°  48',  north  polar  distance  103°  43'.  In 
ases,  Herschel  imagined  he  perceived  symptoms  of  the  gradual  formation  of 
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«  do%^a  itfl!',  tbe  nebuloue  malter  of  wbich  they  arq  Ibrtntid  ooudt^sing  toWBids  two 
cenirefl  of  altractioii.  It  wiE  appear  from  thk  thai  the  wfdttlis,  properlj  io  mUeii 
ac(;ordmg  to  Hen^hert  iduai,  were  far  from  bcmg  luck  important  objecti,  u  t|^ 
ctuatei^  the  litt^TWlng  gmat  tgfLomenitioQi  of  itan,  tht  n^bulro  onl^  the  ntatefi^of 


Fig.  n. 


Fitf  93. 


a  single,  or,  at  moit,  a  double  etar.      But  ft  vviuld  bo  haKardoiis  to  tay  Hiat  i^f 
pi|itifiulur  nebula  wu  inijaolTablo.    Tbo  gi^^aotlu  ttilesot>|»e  of  Lord  Boaae  hu  ildr^ 


Fiif.  U. 


FJg,05, 


that  many  sucb,  hitherto  deemed  of  iIjis  nature,  conaiat  of  inntimenible  stars,  vctj 
different  from  the  Eingb  individual  star  whieh  Herischtd  thought  it  was  pn>bfibU  it 
would  finally  Uicomu. 

Thtj  auppositions  rdatire  to  thia  nebulous  stihatanoe,  which  Ht'iachol  thouglit  to  be 
fto  plentifully  Bcattertid  through  spmoie,  and  the  changes  which  he  suruiiaed  that  it 
uuderweut  in  the  c»iirae  uf  tinte^  led  the  cekbrated  UBlronomer  Lnplat^e  to  form  a  siaiiUr 
hypiitbeiis  on  the  formalinn  of  the  ndar  eyatemj  and  the  pro^reasivo  dovelopment 
uf  ihu  bvidiufl  uf  which  it  u  eompo^edf  from  one  single  and  primitive  mass  of  nebuloui 
Uiaitt.T.  Hu  supposed  thai  the  fauu  was  urigiti&Uy  hii::Liided  ojiumg  tbo  DebuIaCf  which 
extended  as  far  as  tKe  most  distant  planet,  and  wiib  endowed  with  a  rotatory  rootitiat 
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^CJentre;  and  that  m  the  ctaunae  of  Rgei  tblv  giioeouA  substance  bocamt;  more  con- 
owitFda  tbe  pentrG^  leaving  tho  oiterior  portiona  in  the  form  of  immenao  ring»,  »tiU 
ng  tbeJr  revalving  motioni  prMiiavly  fiitnikr  to  tho  ring  ttt  Satum  as  nt  present 
>  From  manj  differont  cauaea  it  was  impossible  for  thos^  rings  to  eidst  m  that 
id  tli^y  flnally  hroke  up  into  globutar  maMPB  forming  the  difftirent  plonotA.  By 
iitii  hM  explains  the  revolution  and  rotation  of  tho  planetary  bodici  in  one 
^  Bi  w«U  aa  of  their  iatelllt««,  formation  of  comets,  &o.  Even  the  zodiiuial 
0  lyiy  «xp'ained  on  thia  hypothesis.    Tho  nobulotu  matter,  u  ho  oonjeocurcd, 


ni,da< 


Fif .  97. 


|lle  condoDsed,  but  stilt  unrrotindod  the  sun  in  a  vary  difiiisod  alate,  and  by 

%ot  that  body  on  its  axis  took  a  knticular  fortu,  as  woa  obfiefved  to  be  tho 

? naany  of  the  nebula)  already  die*ioverod*    Thus  the  great  nebula  of  Andro- 

i'^^ia  elliptic  form,  and  difftrent  degreei  of  elliptieity  will  be  seen  ftom  the 

inying  figures  (Figs.  95,  90,  and  97)»  whlcih  are  Bome  of  those  actually  ol»er?ed 
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ON  THE  CONSTELLATIONS  AND  FIXED  STAKS. 

OuB  present  arrangement  of  the  oonatellationfl  into  groupi  or  clusters,  representing 
figures  of  men  and  animals,  dates  from  the  most  remote  antiquity.  Aratus,  a  Cilidsn 
of  Eudoxus,  B.C.  370,  a  contemporary  of  Plato,  enumerates  forty-five  as  being  then  in 
use,  all  of  which  still  remain  on  our  celestial  globes.  In  the  majority  of  instances,  how- 
ever, there  is  no  similarity  between  these  configurations  and  the  figures  to  which  they 
are  supposed  to  bear  some  resemblance.  Of  the  fixed  start,  in  both  hemispheres,  nesriy 
5,000  are  visible  to  the  naked  eye,  the  greater  number  of  which  have  been  catalogoed 
by  Argelander,  in  his  standard  work  the  *'  Manometria  Nova."  They  are  divided  into 
classes  of  magnitude,  the  fir%i  consisting  of  stars  pre-eminently  bright,  and  which 
amount  in  our  latitude  to  about  14 ;  the  second  magnitude  consisting  of  about  60 ;  the 
third  of  140  ;  the  fourth  of  about  320  ;  the  fifth  of  800  ;  and  the  sixth  of  2,000  (rou^y 
speaking).  Objects  of  a  magnitude  greater  than  the  sixth  are  only  seen  by  the  help  of 
telescopes,  and  are  reckoned  on  to  the  thirteenth  or  fourteenth  mapiitude. 
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Bayer  appears  to  have  been  the  first  astronomer  who  systematically  arranged  the 
stars  of  each  constellation  in  the  order  of  magnitude.  In  his  catalogue,  of  which  the 
epoch  is  1603,  he  classed  the  brightest  stars  in  each  constellation  according  to  the  first 
letter  of  the  Greek  alphabet,  the  second  by  the  second  letter,  and  so  on  ;  afterwards 
using  fi>r  tmaUer  objects  the  roman  letters.  Of  the  first  magnitude  in  these  latitudes 
we  have  nine  north  of  the  equaier  and  five  south,  viz. : — 


Vega,  or  a  Lyrss. 
Capelia,  or  a  Aurigso. 
Arctunis,  or  a  Bootes. 
Aldebarm,  or  a  Taurir 
Betelgufiib,  or  a  Orionis. 


I^'brth. 

Regulus,  or  a  Leonis. 
Altair,  or  a  Aquilse. 
Deneb,  or  a  Cygni. 
Procyon,  or  a  Canis  Minoris. 


South. 

Antares,  or  a  Scorpio. 
Fomalhaut,  or  a  Piscia  Anstralii. 


Sirins,  or  a  Canis  Majoris. 
-   Big^I^  or  fi  Ononis. 
Spies,  or  a  Tirginis. 

Bayei't  arrangement  has  been  since  used  by  astronomers. 

Tktt  -most  ancient  catalogues  we  possess  of  the  fixed  stars  are  those  of  Ptolemy, 
Ulugh  Beigh|  Tyoho,  and  Hevelius,  all  of  which  have  been  formed  from  observations 
by  the  naked  eye.  The  catalogue  of  Ptcdemy  is  based  on  the  observations  of  Hip- 
parohin^  and  amounts  to  upwards  of  1,000,  which  are  arranged  in  the  order  of 
longitude  and  latitude.  That  of  Ulugh  Beigh  contains  1,019  stars  for  the  epoch  of 
1437,  observed  at  Samaroand  in  Peraia,  north  latitude  39**  52'.  The  epoch  of  Tycho's 
catalogue  is  for  the  end  of  the  sixteenth  century,  and  contains  777  stars,  reduced  and 
edited  by  his  pupil,  Kepler.  The  catalogue  of  Hevelius  contains  1,564  positions  of 
stars  lor  the  epo^  1660.  All  the  preceding  works  have  been  re-edited  by  Mr.  Baily, 
to  whom  this  branch  of  astronomy  is  much  indebted,  and  are  given  in  the  thirteenth 
volume  of  the  **  Memoirs  of  the  Boyal  Astronomical  Society." 

Since  the  application  of  the  telescope  to  astronomical  observations,  we  have  the 
catalogues  of  Halley  and  La  Caille,  observed  in  the  southern  hemisphere;  and  those  of 
Flamsteed,  Bradley,  and  Mayer,  observed  in  the  European  observatories.  The  work 
of  Flamsteed  is  the  basis  of  that  of  Bradley,  and  they  both,  in  common,  contain  nearly 
the  same  stars,  but  in  the  latter  case  with  more  improved  instruments.  The  numbers 
in  the  catalogpies  of  Flamsteed,  Bradley,  and  Mayer  are  respectively  3,400,  3,222,  and 
998  Stan. 

At  the  commencement  of  the  present  century  we  possessed  the  catalogues  of  Groom- 
bridge,  Piazzi,  and  Lalande,  of  which  the  first  consists  of  circumpnlar  stars  numbering 
upwards  of  4,000,  the  second  of  7,646  stars,  and  the  last  of  50,000  stars. 

In  modem  times  we  have  the  catalogues  of  Busham  and  Taylor,  observed  at  New 
South  Wales  and  Madras  respectively ;  the  Greenwich  catalogues  of  Pond  and  Airy ; 
and  the  continental  catalogues  of  Bemiker,  Bessel,  and  Argelander.  The  British 
Association  have  also  published  a  standard  catalogue  of  8,377  stars. 

TIm  Zodiacal  Oonstellations  are  twelve  in  number,  all  of  which  occur  in 
the  list  prepared  by  Aratus. 

I.  Ailea  has  two  very  conspicuous  stars  in  the  head  of  the  Bam  about  4°  apart  They 
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an*  tliii  tmuficfil  BUr,  «  Ariotui,  <udled  Ilamal  by  the  Ar 
ami  Shoratan  of  thu  third. 

II.  Tavnw,  ono  of  the  flnett  of  lodiacal  AsterUma, 
Ariua  U  37^  above  the  horiaon.  It  includea  Aldebaran, 
forminiv  with  II jadea  the  letter  T  in  the  tuce  of  the  Bu 
woll-known  oluator  of  the  rieaidea. 

I I I.  <ltnilnl  haa  two  principal  atan,  Castor  of  the 
maKnitudea,  about  4)^  apart,  in  the  neighbourhood  of  I 
niaftnitttde.  In  tliia  oonatellation  Sir  John  HcrMhel  fc 
many  yvara  to  guide  aatronomera  to  that  planet. 

IV.  OanoMT  haa  no  very  oonspicuous  star.  Two 
Am*1U  (the  AiMa)  of  the  Romana  and  Pre^^pu  (the  Manf 
di«tanuo  of  %"  diatinguiahoa  this  constollnti<*n. 

V.  &««|  a  brilliant  oonatellation,  has  Kigulua,  <K  i 
<4  the  Litm,  and  Denbola,  of  the  second  magiutudt.'.  \  ] 

\L  Tlifo  haa  Spica  Virgrinis,  a  star  of  th:  I  ^ 
rt^markable  lur  itaaolitary  splendour,  having  <»'  ^  \  j| 
tudo,  near  it.    This  star  is  called  «4/.MM«iw«l-r  'i\  \ 

VIL  Utoa  haa  four  auboidinate  but  brig^  -  r  f . 
Tw\t  in  the  northem  and  two  in  the  southar     .  ^\  ^ 

VIILte««ptot»«WutiriUi^ill«i;tia^^    ^Vl 
is  of  the  tnt  mugixitu^^  and  is  < 

IX.  8«§fttAattt>  has  tr^  itara  i 

situated  in  tW  M illy  Way,  .All  1     t_ 

X.  CN^yiieftimtta  ha«  1 
fx>n»er)y  in  this 
dtoUnation;  hra(«  It 

'    iu>rthem.    ^'^w,  t^mix^  to  Um 
j   c\«sivUati««  till  tW  1 

XU  Afwotfta  b  1 
{   distineihr  t\^  i,<^rm  ||w  | 

XU.  nft««sliA| 
I   Uv|^^  tnaiyjE^lar  t 
I   tW  »odiai\^ 
^         l»i 

l^aitaoC^  ^.>*^ 

/^Ml^  ya^NNN^M  SIHS> 

>4il«h  ih[#  W^;  «s» 
^  ^hm»K  «  s»&  ^  .v 

giC  «  Oku*  >l:;»;)r4i^       Ib^ 
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tip  of  the  tail  we  have  Benetnasch,  a  star  of  tlie  Becond  magnitude ;  Mizar,  T*  distant 
west;  and  Alioth,  about  4^  further  off;  5  J**  from  Alioth,  at  the  root  of  the  tail,  is  Megrei; 
south  of  it  Phad,  forming  the  shorter  side  of  a  quadrangle.  On  the  opposite  side,  8° 
west  of  Phad  is  Merak ;  and  5°  north,  towards  the  pole,  is  Dubhe,  the  brightest  star  of 
the  constellation. 

Dubhe  and  Merak  are  called  the  pointers,  becajise  a  line  drawn  through  them  and 
carried  about  29"  in  the  same  direction,  passes  almost  over  Folirii  (the  pole  star)  which 
is  close  to  the  north  polar  point  in  the  heavens. 

Ursa  Minor,  while  it  is  inferior  to  the  preceding  in  point  of  rixe,  is  more  important 
from  its  position  indicating  the  north  polar  point,  and  its  utility  as  a  guide  in  finding  the 
latitude  of  places.  Like  Ursa  Major,  it  consists  of  seven  stars ;  three  of  the  third  magni- 
tude and  four  of  the  fourth.  Polaris  is  the  important  star  of  this  group.  It  is  between 
the  second  and  third  magnitudes.  It  is  at  the  tip  of  the  tail  of  Ursa  Minor,  and 
appears  stationary,  the  rest  of  the  constellations  appearing  to  swing  round  it  in  the 
diurnal  revolution  of  the  sphere.  All  the  stars  appear  to  revolve  round  the  pole  of  the 
ecliptic,  owing  to  the  real  revolution  of  the  pole  of  the  earth  round  it;  a  revolution, 
however,  which  requires  the  long  cycle  of  26,000  yean,  or  thereabout,  for  its  perform- 
ance. 

Bootes  appears  among  the  stellar  groups  to  be  driving  on  Ursa  Major,  hence  it  has 
sometimes  been  called  the  Bear  Driver.  Bootes  has  Arcturus,  a  star  of  the  first  magni- 
tude, long  supposed  by  the  ancients  to  be  the  nearest  star  to  the  earth. 

Sonthoxn  Oonstollatioiuu— The  constellations  of  the  southern  hemisphere  are 
forty- six  in  number.  The  most  important  being  Orion,  which  constitutes  the  richest 
part  of  the  visible  heavens,  and  when  on  the  meridian  (which  occurs  about  10  p.m., 
January  1),  presents  the  most  magnificent  view  the  starry  heavens  offisrs.  Orion  is 
visible,  in  its  turn,  to  all  the  habitable  world,  the  equinoctial  passing  through  the  centre 
of  it.  Four  principal  stars,  in  the  form  of  a  long  square  or  parallelogram,  form  its  outline. 
Betelgueux,  of  the  first  magnitude,  is  7i°  of  Bellatriz  of  the  second ;  Saiph  of  the 
third  magnitude,  and  Bigel  of  the  first,  8}°  west  of  Saiph  and  16**  of  Bellatrix.  Canis 
Major,  on  the  south-east  of  Orion,  contains  one  star  of  the  first  magnitude,  fbnr  of  the 
second,  and  two  of  the  third.  The  former.  Sinus,  glowing  in  our  winter  hemisphere  with 
a  lustre  unequalled  by  any  other  star  in  the  firmament.  Oanis  Minor,  east  of  Orion 
and  north  of  Canis  Major,  has  two  brilliant  stars,  Procyon,  of  the  first  magnitude,  and 
Gomdza,  of  the  second,  about  4°  to  the  south  east  A  knowledge  of  these  constella- 
tiona  wiU  enable  us  to  find  our  path  in  the  heavens. 

When  a  few  particular  stars  have  been  recognized,  they  will  serve  as  starting  points, 
and  by  alignments,  or  imaginary  lines,  drawn  from  them,  other  stars  and  groups  of 
Stan  will  be  found,  and  thus  a  general  knowledge  of  celestial  objects  acquired.  For  this 
purpose  one  of  the  most  conspicuous  objects  is  the  constellation  of  Ursa  Major,  which 
never  sets  in  our  latitudes.. 

The  seven  stars  (shown  in  Fig.  98)  are  nearly  all  of  the  same  magnitude ;  a  line 
drawn  through  0  afid  a,  and  produced  to  a  distance  equal  to  that  from  a  to  ty,  will  point 
out  Polaris,  an  object  of  the  2*3  magnitude.  This  star  will  be  easily  distinguished, 
sinoe  it  is  not  surrounded  by  any  others  of  the  same  magnitude.  The  alignment  to 
find  the  Pole  Star  is  as  follows  :— A  line  drawn  from  8  Urssd  Majoris,  or  from  c  Ursa> 
Majoris  through  Polaris,  and  produced' the  same  distance  as  that  from  8  Ursco  Majoris 
to  Pilaris,  will  reach  the  centre  of  CassiopeisB.  This  remarkable  grou\)  of  %^t^^  \ 
whieb,  in  these  latitudes,  is  ciroumpolar,  is  always  on,  lihe  op'pQ%\\A  %\dA  ^i  ^c^»rA  \.^  \ 
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Ur»a  Major.   When  Ui%a  Mmjor  U  neu  ^e  EenJili,  Cuaiop^m  ia  near  the  horixuii,  md 

whtn  Una  Major  ii  on  tbii  tastcm  tid^   Gutiapeis  u  on  the  weatem  ude  of 

Pulaiti. 

The  right  lines,  which  dlr<^ct  a  and  ^  UrtE  MmjoriB  to  Polaris,  when  produced  k. 

the  same  direction ^  will  point  out  the  si^tmro  of  Peg aaus,  furmed   of  four   stars  of  tlie 

^c^nd  mAgtuiude,  the  two  upper  of  thin  group 
being  rc«peutivel7  a  Ecgaai  and  m  Audro* 
med^e.  A  lino  drawn  from  the  two  latter  wiU 
paaa  through  i9  and  y  Andromed^  and  BmbIIj 
to  a  Persei,  a  ttar  of  the  second  m&gnitude 
nearer  the  pole.  It  will  be  remarked  that  « 
Penaei  may  ako  he  found  by  drawing  a  lim 
from  Bf  a,  Vrsm  Majoria  through  Polaria. 

On  the  oppnsite  Bides  of  a  Perset  are 
Hituated  y  and  S  Peraci,  stars  of  the  fourth  mi 
third  magnitudes  reapeetivelj ;  a  line  drttro 
from  Oj  S  Ure®  Majoris  will  meet  (after  psjl- 
iiig  tlirough  a  Persei)  Algol,  or  /5  Persei,  a  btM£ 
remarkable  for  its  variability.  Producing  the 
ar«a  7  and  5  Ptrsei,  we  find  a  Arietes*  Below 
ihete,  the  conspicuous  cluster  of  statfif  toE 
Pleiades,  ore  situated.  If  we  join  Polaris  sod 
a  Arietes,  and  produce  it  beyond  the  latter^  wi 
shall  meet  with  the  constellatioa  Orion,  whiflb 
is  well  known  by  its  romarkable  hrilliimcy 
and  form.  Of  this  group  of  stars,  S,  (,  and  fare 
called  the  belt;  t}ie  remaining  four  stars  d 
this  group  form  an  Irregular  ^tmdrilateral,  s 
and  y  being  the  upper,  and  /9  and  S  being  the 
lower  sides,  m  and  8  Orionia  are  of  the  fijnt 
magnitude^  and  all  the  othara  are  of  the  seooad 
magnitude. 
^^t**  ^^  The  most  remarkable  object  in  the  beaveoi, 

SiriuB,  or  a  Can  is  Majoris,ia  pointed  out  by  produelng  the  belt  of  Orion  on  the  esstera 

aide.     By  produeing  it  on  the  western  side, 

we  meet  with  Aldebaran,  or  a  Tauri,  a  star 

of  the  first  roagnltude.     But  this  star  may 

also  be  found  b}r  produt^ing  the  line  which 

oooneets  a  Vfeie  Majms  end  a  Arietes. 
The  diagonal  of  the  sqviare  [tt^  3t  T*  ^ 

UrsiB  Majoris],  or  3,  &,  being  prcMiuced  suffi- 

tisntlyj  will  pass  through  the  bright  etara 

of  tlis  constellation  Gemini}  a  and  ^,  or 

Castor  and  Pollux.     A  abort  distance  in  the 

same  line,  between  Castor  and  Sirius,  we 

find  Pi-ocyon,  or  a  Can  is  Miuoris,      This  Fiiy.  100. 

may  also  be  found  by  prolonging  the  Une  passing  through  Polaris  and  Polliur.    Tbc 

diagonal  a  and  y  of  the  same  sq^uaref  produced  on  the  side  of  7  above  the  pole,  will 
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pmnt  out  a,  or  Spica  YirgiQiSf  whio]!  formfl  fin  equilateriil  triangle  with  Arcturua  aud  0 
Leon  is. 

The  line  connecting  a  and  ^  TJrsie  Mnjoria,  which  points  fto  apcutmtely  to  the  Pole 
Star,  when  pradiiccdi  will  piiaa  through  the  tonsuUlulian  J^eo.  This  const^Uatiiin  con- 
Etflta  of  four  prinoipiil  siara^  in  the  lurm  of  a  tfiipcsiiiin.  The  ninat  brHiinnt  1$  of  the 
first  magnitude;  all  the  oth&rt  are  of  the  Beyond  rfin^jrihirh^  (T md  ^  Ur&ie  Mffjoriii, 
being  ecHinected  m  &  line,  will  meet  with  a 
I  tcm&rkablo  utttr  of  the  first  osagaitude^  Arc* 
turiii  or  a  Buotes. 

At  the  side  of  Ar^tunu,  and  in  the  direction 
oflhe^tflts  S,  5,  (^  fof  Ur*i©  Miijoria^  we  find 
th&  constcllstiun  of  Cenira  Bon-'flHsT  CEimpoaed 
of  Juany  stars,  arranged  in  a  Btmifiiriile*  and  of 
whfch  the  mmi  briUiaat  is  of  the  au^oud  mag- 

Vega,  or  a  LyiTB*  h  a  conspicuous  ohjt^tt, 
psfi^ing  the  meridijm  of  Grt^etiwith  IS"^  south 
of  the  3t?nith.  It  furms  a  great  triangle  ^Ith 
Artttiruft  and  Pularis,  of  which  it  occupied  the 
iuinmit  of  the  light  angle.  At  the  aide  of  a 
Lyiw  are  two  atara  of  the  third  magnitude,  $ 
aad  7,  and  thrije  of  the  fourth  magnitude,  S, 
ff  C*  *^^^  f^ur  alars,  3t  7?  ^i  C  ^^^^^  ^  pa:raIlelo- 
gram,  easily  di^tinguighed. 

Between  Lyne  and  Pegasus  the  Donatella' 
tion  Cygnua  is  fnund,  t^mposed  of  five  prin- 
cifjal  stars  in  the  furm  of  a  cross*  The  Wna 
Tfhich  joins  CygnuB  to  Gv!n]ini  is  cut  in  two  *^^'  ^"^^^ 

eqaal  parts  by  Polaris.  The  same  line,  produced  heyoiid  Cygnus,  pasaea  through  Altair 
or  a  A  qui  la*,  a  star  of  tlie  first  magnitude,  a  Aquilee  is  situated  between  7  and  fl 
A^uil^e,  of  ab^ut  the  third  aud  fourLh  magnitudes  respeetively. 


II  I 


ON  COMETS. 

These  bodies,  which  from  the  earliest  ages  have  been  the  subjects  of  attentiYe  obi 
vation,  and  which,  even  within  the  last  few  centuries,  have  excited  the  fean  i 
apprehensions  of  the  multitude,  will  next  claim  our  attention.  They  differ  Arom 
other  planetary  bodies,  both  in  their  physical  appearances  and  in  the  irregularitiei 
their  motions.  From  the  investigations  of  Sir  Isaac  Newton,  to  whom  this  bnmdb 
astronomy  is  much  indebted,  and  which  have  been  confirmed  by  the  laboon  of 
successors,  it  has  been  made  evident  that  comets  describe  very  eccentric  ellipses  torn 
the  sun,  so  much  so  that,  in  the  majority  of  cases,  a  parabola  will  perfectly  reeon 
their  observed  path  in  the  heavens.  The  inclinations  of  their  orbits  to  the  ecliptic 
also  frequently  very  great,  and  the  directions  of  their  orbital  motions  are  sometii 
direct,  and  in  other  instances  retrograde.     In  consequence  of  the  great  eccentrteiti« 
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their  orbits,  thej  are  seMoiii  visible  at  the  utmost  more  than  a  few  months  about  the 
time  of  the  perihelion  passage.  The  annexed  diagram  (Fig.  101)  will  show,  in  a  clear 
manner,  a  parabolic  orbit.  If  with  the  two  foci,  F  ¥\  an  ellipse  be  described  in  the 
usual  manner,  we  shall  find  that  the  major  axis  of  this  ellipse  will  be  A  A',  and  that 
we  shall  obtain  a  curve  differing  little  from  an  arch,  and  presented  in  a  sense  perpen- 
dicular to  the  axis  A  A\  or  with  a  very  slight  degree  of  ellipticity.  A  second  ellipse, 
with  the  foci  F  F",  will  exhibit  a  greater  degree  of  ellipticity,  and  will  enclose  the  pre- 
ceding one.    A  thhrd  ellipse,  with  the  foci  F  F'",  will  (still  leaving  A  for  the  summit 
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«ftiieellipie)  show  a  still  greater  degree  of  ellipticity,  and  so  en,  by  describing  ellipses 
mtMmvely,  We  shall  thus  find  the  circumference  of  the  curve  more  and  more  removed 
from  the  direction  of  the  major  axis  A  A",  till  finally  we  shall  arrive  at  a  point  beyond 
vkieh  there  is  no  variation.  The  curve  B  A  C,  thus  described,  is  called  a  parabola. 
The  point  A  is  called  the  summit  of  this  parabola,  and  the  point  F  its  focus.  A 
paimbula  is  then  fi  rmed  of  two  parts,  A  B  and  A  C,  exactly  alike  to  one  another,  and 
extending  infinitely  on  each  side  of  the  major  axis,  A  F  F  F\  We  can  easily  per- 
eeive  that,  as  the  comet  reeedes  from  the  sun  into  space,  it  will  be  necessarily  lost  to 
oar  Yiew.  For  the  determination  of  the  elements  of  the  orbit  of  a  comet,  three  com- 
flpli  observations  are  necessary  as  a  first  approximation,  which  can  be  afterwards 
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brought  to  greater  accuracy  by  meani  iif  the  other  addition&l  dbaervatiopB  duting'  the 
time  of  its  yiaibiUty.  In  a  par&boU  tlie  following  elemeats  are  reqinriid^'^Lfltt  ih$ 
ongLtude  of  the  ^riheUon  ;  2Qdf  the  losg iCude  of  the  node  ;  3rd,  the  incliii&liaa  of  fkb 
orbit  to  the  plane  of  the  ecliptic ;  itb,  the  time  of  peHhcliDn  passage ;  and  Sth^  tliff 
perihelion  distanee.  The  obflervationv  will  aUo  give  the  direotion  of  motion.  Tit. 
H^lej  ttlone^  acting  according  to  the  method  of  Sir  laaao  Newton ^  calculated  twenty* 
four  orbita,  bj  a  comparUon  of  which  he  wan  led  to  infer  the  periodLo  tiature  of  tbe  hmj 
whicli  bears  his  name,  and  the  cerUiaty  of  which  has  beea  caafinued  bj  tlit  wdl- 
obaerred  and  authentic  obaerrationa  of  auccesiire  returns. 

Modern  aatrtinomera  have^  with  great  zoaU  applied  the  methods  of  Olbets  and  Gan^s 
for  this  purpose,  not  only  to  tho»e  coo^et^  which  bate  appeared  in  their  own  tiaiei, 
but  also  to  others,  whose  paths  in  the  heayenshiive  been  iBoorded  by  the  aneieot  Chinese 
and  European  antialidt^.  M.  Langier  has  thus  ealculated,  with  a  strong  di^greu  of 
probability,  that  the  cometa  uf  451  and  760,  mentioned  by  the  Chinese  annaliato,  weit 
returns  of  Holley's  comet.  Mr.  Hind  has  also  been  led,  by  calculation,  to  con&iti^' 
the  comets  of  313  und  295  as  appearances  of  the  same  body.  But  qo  certainty  can  be 
attached  to  any  elements  of  tbia  aomet  till  the  year  1S7S,  the  observations  of  whUh 
have  been  difleUBaed  by  M.  Langier,  and  of  whiub  the  resulting  elemctits  a;re  giren  with 
the  others  in  the  following  table  i — 

* 
Lonir.  of  Berth.     Lon^r*  of  Mode.     InclluiiUrin,      Lonf  ^  Perili,  DM^ 
1378,  KoT,        8-704  29B'  ZV  47  M 7'  17*  56'  9^Um  E, 

1156,  June^       8*917  301=     0'  48"  30'  17="  5¥  97^75  R 

1531,  Aug.       24 '888  30r  W  4^  2-5'  17*  B^  Bl&^S  E, 

1607,  Oct       2G  716  30P   38^  43'  40'  17'  12*  97694  R. 

1682,  Sept.       14"795  30r  6G'  ST  11'  IT  44'  97656  R. 

1759,  Mareb,  12552  303'^  10'  53'  50'  17*  37'  97668  E. 

1835,  Nov.       15'93&  304=  32'  55'  10'  17'"  45'  97683  E, 

The  striking  similarity  of  the  elemcrvts  of  the  comets  of  1531^  1607,  and  1683 
immediately  presented  itself  to  the  mind  of  Dr.  Halk-y^  who  was  also  led  to  infer 
that,  by  the  in^tienee  of  the  planet  Jupiter,  the  period  of  its  next  return  would  b* 
conBiderably  retarded*  This  prediction  was  found  to  be  accurate  by  the  laborioiu 
calculation  a  of  Clairant,  who,  after  minutely  computing  the  disturbing  effttt  of  Jupiter 
and  Sftturn^  found  that  its  neit  r*tum  would  be  delayed  by  618  days,  as  he  concluded 
that  the  eumet  would  arrive  at  its  perihelion  on  April  13th,  1759. 

The  actual  return,  from  the  best  elements,  took  place  on  March  12,  l7o9,  and  tht 
comet  waa  seen  fnr  the  first  time  at  Dresden^  by  PuBlitch,  on  ChriatniajB  Day,  J758. 
This  body  beitjg  thus  ranked  in  tlie  planetary  system^  the  inveatigation  of  the  period  of 
its  neit  arriTal  nt  the  penbelion  was  made  the  subject  of  a  prisy  id  set'eral  Europcis 
acodBmics.  The  investigations  nf  Damoiseuii  and  Pt;ntccnubnt,  on  this  question,  ga^ 
only  the  diffuronte  of  one  wetk  in  the  predicted  tiniE  of  the  arrival  at  the  penJielioa 
— nn  agreement  very  accordant,  wbun  the  great  ietricucy  of  the  problem  ia  conaiderBd. 
The  predicted  return  was  stated  to  be  on  November  13,  1835  ;  and  although  the  oomct 
waa  attentively  looked  for  during  several  months  previously,  it  waa  nut  seen  till  Augmt, 
when  it  was  discovered  at  the  CoUej^o  Romano,  of  Rome*  From  the  best  elements,  the 
return  to  purihtlion  took  plac«  on  November  16,  the  predicted  time  being  only  thres 
daya  in  errur. 
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With  regard  to  the  physical  appearances  of  these  bodies,  it  is  generally  admitted,  at 
present,  that  comets  possess  a  wry  small  degree  of  density. 

The  annexed  diagram  (Fig.  103)  will  show  the  appearance  of  Halley's  comet,  as 

observed  by  Sir  J.  Hert^ohel,  at  the  Cape  of 

Good  Hope,  on  October  28,  1835.    The  bright 

spot  situated  in  the  head  of  the  comet,  is  called 

the  fiueleusj  and  the  luminous  appendage  which 

accompanies    and  surrounda  this  nucleus,  is 

cnlled  ihe  tail.     On  October  29,   Sir  J.  Her- 

schel  obserred  the  comet  with  a  twenty-foot 

tolcscux^e,  and  noted  its  appearance,  as  in  Fig. 

104.    A  little  later  on  the  same  evening,  the 

appearance  was  as  in  Fig.  105.    On  January 

25,  1836,  it  had  an  appearance  as  in  Fig.  106 ; 

in  the  intermediate  time  the  comet  was  not 

visible,  in  consequence  of  its  proximity  to  the 

solar  rays.     On  January  26,  27,  and  28,  1836, 

J^'ig.  liXi.  it  presented  the  appearances  indicated  in  the 

Figures  107,  108,  and  109. 

As   to  the  light  which  these  bodies  possess,  the  late  M.  Arago  inferred,  from 

Ms  experiments,  that  they  shine  by  reflected  light.     But  although  his  experiments 

on  theoomet  of  1819,   and  that  of  Halley  in  1835,  showed  that  they  shone   by 

reflected  light,  which  he  satisfactorily  confirmed  by   experiments  with    a   polari- 

scope  on  the  light  of  stars  of  the  same  magnitude  in  their  nuighbourliood,  he  was 

rather  doubtful  whether  they  had  not  a  proper  light  of  their  own,  since,  without 

losing  their  property  of  reflection,  some  independent  light  might  at  the  same  time  reach 

the  earth. 

So  long  ago  as  the  year  837  oi  our  era  the  oircumstance  was  remarked  by  the 
Chinese  annalisbs,  and  again  noticed  by  Appian  in  the  16th  century,  that  the  tails  of 
comets  were  generally  directed  from  the  sun.  The  appearance  of  these  accompani- 
ments are  Tariable,  both  in  regard  to  magnitude  and  brilliancy.  Of  the  comet  of  1689, 
the  contemporary  historians  state  that  its  tail  occupied  an  extent  of  .90',  and  presented 
UL  appearance  similar  to  a  Turkish  sabre.  The  tail  of  the  comet  of  1769,  was  observed 
to  bo  97**  in  length.  The  comet  of  1744  had  as  many  as  six  tails,  each  4°  in  breadth, 
and  80^  to  44°  in  length.  In  our  own  days,  the  appearance  of  the  comet  of  1843  can- 
not be  forgotten.  At  Paris  in  March,  its  length,  by  observation,  was  found  to  be  from 
Zr  to  43^    The  comet  of  1618  had  also  a  tail  104°  in  length. 

In  addition  to  Halley' s  cornet,  others  of  nearly  similar  period  present  themselves  to 
oar  notice,  and  this  remarkable  group  consists  of  the  following : — 

1st.  The  comet  of  1812,  which  was  discovered  by  Pons  in  that  year,  and  only  risible 
with  the  aid  of  a  telescope.  £ncke,  from  all  the  observations,  calculated  ita  period  to 
be  70*7  years. 

2nd.  The  comet  of  1815,  discovered  by  Olhers,  the  period  of  which  has  been  calcu- 
lated by  Beasel  to  be  74-05  years.  Accordin<r  to  the  investigations  of  Bessel,  the  period 
of  the  next  return  will  be  retordedby  two  years,  in  consequence  of  planetary  perturba- 
tions) or  it  would  nppear  in  1891 . 

3rd.  The  c-'>met  discovered  by  De  Yico  in  Rome,  in  1846,  Feb.  20,  and  observed  till 
April.     The  calculations  of  Dq  Vice  and  Peira,  show  that  its    orbit    is   decidedly 
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elliptical,  and  that  iti  period  it  upwards  of  70  years.    The  only  oomet  in  tiie  Hit  oi 
calculated  orbits,  similar  to  this  body,  is  that  of  1707. 


Mff.  104. 


Fig.lOS. 


Fi8  IW.  Fig.  109. 

4.  The  next  couiet,  nearly  identical  in  period,  is  that  discovert  by  Bcossen  on 
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July  20,  in  triangularus,  and  obsonrcd  at  several  places  for  the' space  of  one  month. 
Elliptic  elements,  compiled  by  D' Arrest,  give  its  period  as  75  years. 

Another  comet  of  long  period,  but  the  elements  of  which  are  not  so  well  worthy  of 
confldance,  18  that  discovered  by  Flamstecd  in  1663.  Elliptical  elements  of  this  body, 
whiek  'arCy'howerer,  too  uncertain  to  be  much  relied  on,  assign  to  it  a  period  of  187*5 
yearl  .■••.•■.•■■•.■.  .     •  «      . 

SflfT8za]»otih6r  elliptioal  orbits  have  been  calculated,  which  will  appear  in  a  table  at 
page' 809;  •■.■■• 

The  most;  remaikable  periodical  comet  (which  there  is  great  reason  to  believe  to  bo 
auch,  from  the  strong  identity  of  the  elements)  is  that  discovered  by  Fabricius  in  1556, 
and  which  18  considered  to  be  a  second  appearance  of  fho  fine  comet  of  1264.  Ncccs> 
Barily'xude  at.the  observations. of  .this  period  were,-Pingr6  and  .Dunthome  have  calcu- 
lated its  elements  from  its  recorded  path,  which  agree  in  every  particular  with  the 
comet  of.l556.'.  This' siibjeot  lias  recently  occupied  the  attention'  of  M.  Baume,  who 
infers' from  his  investigations  that  the  comet  will  be  retarded  in. its  return  to  the  peri- 
helion by  a  period  of  some  years.  The  last  appearance  in  1556  was  magnificent  in 
the  extreme.  The  tail  was  more  than  100**  in  length;  and,  according  to  the  Chinese 
accounta,  ■  it  presented  a  curvature  similar  to  a  sabre.  It  remained  visible  till  the 
2nd  of  October  of  this  year,  and  disappeared  the  same  night  as  that  on  which  Pope 
Urban; lY.  diecL  There  is  strong  probability  in  the  inference  that  th is  body  will  again 
return  to  its  periheUon  in  the*  period  from  1858  to  1860  ;  and,  as  the  elements  are  based 
on  sooh 'ixnoeHaib  data,  we  must  not  be  astonished  at  the  circimistance  of  the  range 
ofthaiutehral.    ^     ■  .:'..:■ 

ALftar'ttus  mentioning  two  comets,  whoso  periods  are  the  longest  on  record,  and  the 
first  o£whiiDli'  has  been  made  evident  by  many  successive  retumis,  we'  shall' now  proceed 
to  otlsaiift^' whose  revolutions  around  the  sun  are  of -shorter  duration.  -  The  first  and 
most  Matarated  is  that  of  Encke.  This  body  was  discovered  by  Pons-  at  l^iarseilles,  on 
Kovtfmber  26,'  1818  ;  but  the  credit  of  being  the  first  calcidator  of  its  elliptic  elements 
is  due  to 'Enbke,  from  which  circumstance  it  bears  his  name!  The  similarity  of  the 
approidmate  parabolic  elements  to  those  of  comets  observed  in '1786;'  1795,  and.  1805, 
immediately  presented  itself  to  the  mind  of  Encke,  who  likewise  found  that  a  parabolic 
orbit  would  not  satisfy  the  observations  of  1818,  1819.  Its  period  is  approximately 
three  years  and  a  quarter.'  =  Since  1819,  no  return  to  the  perihelion  has  passed  without 
observatibn ;  and  for  this,  in  a  great  measure,  astronomy  is -indebted  to  the  laborious 
calculfttitfns  of  ProfsMor  Encke,  who  furnished  thd  ephemeridcs  of  its  predicted  places. 
On  Jnncf  2|  1822,'  the  comet  was  seen  by  Hiimkier,  for  the  first  time,  at  the  Observatory 
of  Pairainattaiy'in'New  South 'Wales,' which  had  then  been  recently  founded  by  General 
Boshalb^  'Although  it  was  only  observed  there  for  a  short  space  of  time,  the  observa- 
tions irera  £>imd  of  considerable  valiio  in  determining  its  next  r6tum  in  1825.  True 
to  pradietioni  tlie  comet  was  discovered  by  Yalz  on  July  13,  within  a  short  range  of 
the  oafenlatod  plaoe.  .'At  this  period  the  comet  was  well  observed  at  Naples  and 
other  Ihiropean  observatories.  -  On  its  next  arrival  at  its' perihelion,  1828,  it  was 
first  seen'at  Borpat  by  Struve,  on  October  13,  and  was  observed  in  European  observa- 
tories till  ]>ecemiber  25. 

Althidingh  very- unfavourably  situated  for  observation  in  the  northern  hemisphere  in 
1S32,  the  comet  was  observed  by  Harding  at  Gottingen  on  August  21.  Professor 
Henderson  also  observed  it  at  the  Cape  of  Good  Hope,  but  the  observations  of  this 
return  were  so  few  and  scattered  that  Professor  Encke,  in  his  investigations  for  its 
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m^im  ;(v  l%^5,  ai«i4  mo  om  of  asf  '-jf  tiMta.    la  IS^  tZke  «■«(  wi 
/dI^  2^f  ir^  h'4n*Utitkii  and  pmrnoaij  bj  Eid  tt  MiIbb  ob  Jsij  22. 

f A  IAa4  it  iTM  tipuA  Mta  Vf  BofnsUazku  on  Angwt  14,  «  a  fof  ^Hiir  ikiEpe- 
1«M  r»ti|)^i!t,  vbieh  tfttnmdi  byenmtd  in  hzi^htatm  tfll  Sovcaks:.  IkofaHrSKlDe. 
m  /y>mMiinif  ttl  tb^  ynfe$4m%  fttanM  tt  this  period,  §aaaA  k  iWBHiaij  to  aifev  tbe 
r«rA4Eiir^  DfMM  /yf  Um  pUn«t  MercuTj,  and  also  to  aDov  lor  ^  cftct  of  a  miiriin!, 
•tK«maJ  aMdiom,  p«mdsnj(  all  apaee,  and  which  had  aa  agnaw  iahfe  wmk^tmem  to  the 
t/nMiMTj  mtAMihB,  With  these  two  important  disooTcriea,  Vrfdtmm  Enefca  gnUUsd 
an  «ph«nMTia  for  its  ftafpaaraaee  in  1842,  on  the  8th  of  Fdavaij  of '^dA  joar  it  wss 
ohuMmr^d  hjr  l>r,  OalU. 

Alth//n|(h  tho  return  of  \hAh  was  toj  nafaTonahky  the  efaaaft  waa  ana  at  Ssbc 
and  \u  America ;  hni  the  obsarrations  were  so  few  that  no  aaa  hv  haaa  naia  of  them 
in  hiiy  infsattgation* 

\n  \HiH  it  waa  ofiaerred  f/r  a  period  of  three  months^  ntrnding  frost  Angatt  to 
K'^^rmber.  The  Aomet  waa  very  faint  at  firrt,  bat  towaida  Noroaiber  ito  hri^htaai 
\nt.fMumi\  v^ti\ti\tlnT%}Ay .  Tho  obsenrations  of  this  year  have  been  Talaahla  in  aerenl 
imfKrrtarit  particMlars. 

In  \M2  thft  periheliofi  paitage  took  place  on  March  14,  and  the  eoaaet  waa  tiable 
tm  tlm  2tu\  nt  January. 

In  1 M6  tiie  return  of  the  eomet  waa  not  favourable  for  obaervation  in  the  aoithoi 
hemiNpherOi  but  it  waa  soon  at  tho  Gape  of  Good  Hope  by  Maelear. 

0ambait'a  Ooaaat. — ^Thiabody  was  discovered  by  Bella  on  the  27thof  Febraaij, 
1H20 ;  tiui,  as  in  tho  preceding  cas0|  it  bears  the  name  of  Gambart,  who  first  oomputed 
its  orliif,  nnd  noticed  its  similarity  with  the  comets  of  1772  and  180£L  Elliptical  ele- 
tiinnU,  calculated  by  him  and  other  astronomcn,  assigned  to  it  a  period  of  2,460  daya 
In  tho  int<*ryal  of  time  fk-om  1772  to  182G,  it  had  performed  six  revolutiona.  Tlie  return 
to  thii  iHirlhelion,  in  1H32»  waa  observed  generally  at  all  the  European  oboervatoiies. 
1 1  was  first  seen  at  Homo,  on  August  25,  as  a  faint  object,  the  light  of  which,  howevOi 
InfraoNod  afterwards.  Professor  llenderson  likewise  observed  it  at  the  Gape  of  Good 
JIo)Mv  On  a  calculation  of  tho  elements  of  its  orbit— which  are  repreaented,  with  the 
rolutivo  ])<)i«ition  uf  the  earth,  in  the  ongravinf;  at  tho  head  of  this  section — in  order  to 
OHCKt'tnin  tho  prcoiso  period  of  its  return,  it  was,  of  course,  necessary  to  study  the 
])rrturbing  influence  of  tho  planets;  and  when  their  places  were  ascertained  and  com- 
paiiMl  with  itH  counc,  it  was  supposed  that  it  would  cross  the  earth's  orbit  about  a 
month  lM)fi)ro  our  ])lnnot  was  at  tiio  point  of  intersection.  This  announcement  excited 
nuioh  curiosity  and  lomo  alarm.  It  will  be  evident,  however,  from  a  consideration  of 
its  tii'bit,  that  it  never  came  within  sixty  millions  of  miles.  It  waa  a  small,  insignifi- 
ount  (uunot,  looking  like  a  coUeotion  of  nebulous  matter,  and  having  neither  tail  nor  any 
apprnrunvo  of  a  solid  nucleus.  In  the  engraving,  A  is  its  perihelion  and  H  ita  aphelioa, 
n  ttit  {Hwition,  January  1,  1840 ;  G,  on  January  1, 1833 ;  D,  iti  December  node ;  £,  ite 
poniiion  January  1,  1830;  F,  January  I,  1838;  G,  January  1,  1837;  I,  Jaauaiy 
1,  IHaOi ;  K,  January  1, 1836 ;  L,  January  1,  1834.  It  will  be  seen  tcom  thiadiagiam 
tho  point  whore  tho  earth's  orbit  and  that  of  the  comet  interaeot  ia  very  near  the 
thvHoouiling  nodo,  Tho  timo  at  which  the  comet  reached  its  perihelion  in  1882  was 
tho  uuddlo  uf  Novowbor ;  it  crossed  tho  earth's'  orbit  on  tho  29th  of  October,  but  the 
vnitU  did  \\y\i  n>auh  tho  same  point  until  tho  80th  of  November,  At  ita  return,  in 
it^i\\\  Uio  (vmet  was  not  seen  fh^n  any  part  of  tho  globe.  In  1845,  however,  by 
/  MtHM  of  an  epbemoris  oalculaited  by  l^rafiMaov  Santini^  the  comet  waa  diaeovered  by 
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Be  YicO)  at  Borne,  on  November  26th.  In  a  very  short  time  afterwarda  a  most  singular 
cironmstanoe  took  place ;  the  comet  appeared  to  haye  been  divided  into  two  portions. 
This  appearance  was  first  seen  by  Professor  Wichmann,  about  the  middle  of 
December,  and  generally  confirmed  by  other  observers.  The  two  nuclei  were  also 
obeerved  till  the  22nd  of  March,  1846. 

On  its  retom  to  the  perihelion,  in  1852,  the  comet  was  again  seen  by  Professor  Secchi 
at  Borne,  and  at  the  Cambridge  Observatory  in  England.  At  this  time,  although  the 
predioted  ephemcris  was  in  error,  both  nuclei  were  again  observed,  but  they  had  sepa- 
rated  considerably.  The  comet  at  this  return  was  exceedingly  faint,  and  was  only 
Tisible  on  nine  different  occasions.  This  and  the  comet  of  Encke  are  comprised  within 
the  limits  of  the  solar  system,  and  do  not  extend  beyond  the  orbit  of  Saturn. 

Faye's  Coanat. — The  next  known  periodical  comet,  whose  orbit  is  comprised 
within  that  of  the  planet  Neptune,  is  that  discovered  by  M.  Fayc,  at  the  Paris  Observa- 
tory, on  the  22nd  of  November,  1843.  At  its  first  appearance  it  had  a  brilliant  nucleus 
and  taiL  Faye  and  others  (Gauss  included)  discovered  that  its  orbit  was  elliptical,  and 
that  its  period  was  7*2  years.  At  first  it  was  imagined  by  Argelander  and  Professor 
Henderson  to  be  the  lost  comet  of  1770,  or  that  of  Levell ;  but  Leverrier  has  since  proved 
that  this  could  not  be  the  case.  Its  orbit  at  aphelion  and  perihelion  approaches  near 
to  Mars  and  Jupiter,  and  must  have  experienced  considerable  perturbations  from  the 
latter. 

M.  Leverrier  calculated  an  ephemeris  for  its  return  in  1850,  and,  by  means  of  this, 
the  comet  was  observed  on  November  28th,  of  extreme  faintness,  at  the  Cambridge 
Obeervatory  in  England.  "With  the  exception  of  two  other  observations  obtained  in  the 
Cambridge  Observatory  (TJ.  S.),  by  Mr.  Bond,  it  was  not  seen  at  any  other  observatory, 
Mr.  B(md  described  it  as  a  very  faint  object  in  the  twenty-three  feet  refractor. 

The  last  four  periodic  comets  are  known  as  such  by  the  frequent  observations  of 
their  retoms  to  the  perihelion.  But  others  exist  whose  ellipticity  is  equally  decided, 
altiiongh  their  returns  have  not  been  observed.  Of  these  the  first  is  the  comet  of 
Be  Yico,  comprised,  as  in  the  other  case,  within  the  planetary  system,  and  discovered  by 
him  at  Bome  in  1844.  Its  period  was  found  to  be  1980  days,  but  although  its  orbit 
has  been  ably  investigated  by  Dr.  Briinnow,  it  has  not  been  seen  either  in  1850  or 
in  1855. 

BroiBan'a  Co(aaet.-*Thui  comet  was  discovered  at  £iel,  in  Denmark,  by 
Brorsen,  on  the  26th  of  February,  1846,  and  foimd  to  be  elliptic,  its  period  being 
upwards  of  five  years  and  six  months ;  Drs.  Briinnow  and  Petersen  consider  that  it 
was  identical  with  the  comets  of  1532  and  1661.  Dr.  Halley  likewise  inferred  the 
similarity  of  these  comets ;  but,  although  expected,  it  was  not  visible  in  1790.  It 
appears  probable  that  the  influence  of  the  planet  Jupiter  has  a  great  effect  on  the 
elonenta  of  this  body.  Mr.  Hind  is  of  opinion  that  it  experienced  considerable 
perturbations  from  this  planet  in  1842. 

D^Aasaat'a  Comet. — ^This  ccmiet,  whose  period  is  six  years  and  five  months, 
was  discovered  by  D* Arrest  in  1851,  Jime  27.  It  sufEiers  great  perturbation  from  the 
j^aaet  Jupiter  in  its  path,  and  the  time  of  its  next  return  is  not  yet  fixed. 

Another  remarkable  comet  of  this  class  is  that  discovered  by  Messier  in  1770,  the 
ocint  of  which  had  been  calculated  by  Levell,  indicating  a  period  of  about  five  or  six 
yean.  The  planetary  perturbations  have,  however,  altered  the  path  of  this  comet  so 
eoiMidtrahly,  that  it  has  never  been  sinee  observed. 

Fig.  110  shews  iherelatire  orlaU  offoxa  periodio  cometS)  uuiVUcA  cQim!&\.<:&lSL»^'^ 
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It  mutt  be  remtrkcd,  howeTer,  that  the  orbits  are  not  in  the  oune  plane,  and  that 
the  cometarj  indinatioiis  are  sometimes  Terj  considerable.    In  Fig.  110,  A  is  an  orbit 

of  comets  of  sh<»rt  pe- 
riod; BBythecometof 
seven  and  a  half  yean; 
CCGambartrs  comet 
HH,Halley'8  comet 
J  J,  orbit  of  Jupiter 
My  the  orbit  of  Mars. 
1  W  ^  \  \        *iratiise  of  Co- 

mets. —  Some  at- 
tempts haye  been 
made  to  define  with 
precision  the  difEv- 
ence  between  a  star 
V*        \         \      !    if  /^    \    \    \  ^%*^  /        *^^  *  comet,  and  de- 

termine by  what  cha- 
racteristics a  ne^ 
discoyered  star  is  to 
be  distinguished  from 
one  of  these  wan- 
derers of  the  firma- 
ment. The  phmets 
always  moye  in  the 
same  direction;  the 
^9*  110.  plane  of  their  orints 

boing  slightly  inolinod  one  to  the  other,  and  the  eccentricity  of  these  orbits  are  tiifliDg. 
Comots,  on  the  contrary,  for  the  most  part,  describe  orbits  so  much  elongated  thatihey 
»ccm  to  move  in  a  sort  of  parabola ;  and,  in  the  case  of  the  few  with  whose  moTements  we 
are  best  acquainted,  the  eccentricity  of  their  orbits  distinguishes  them  in  a  remaikaUs 
degree  from  the  planets.  Each  newly  discorered  object  that  is  obserred  in  an  eOipse^ 
only  slightly  occt^ntric,  has  been  classed  among  the  stars,  while  those  which  do  not 
«ati«(y  theee  cvmditions  are  regarded  as  comets.  The  comets  we  haye  described,  while 
diHIx'ring  in  many  xt«pect»«  seem  to  agree  in  the  great  d^;iee  of  eccentricity  of  their 
i^rKita^  and  would  seem  to  satisfy  the  inquirer  that  they  cannot  haye  the  same  origin- 

Cometa  generally  prt^nt  the  appearance  of  a  brilliant  nucleus  sorxonnded  wi&  a 
nebuK^ty  which  extends  en  one  side  more  or  less  distant  firom  the  centre.  Tlui 
nebulous  matter  is  lo  transpaient,  that  stars,  eren  of  amaD  magnitude,  can  be  olwmfod 
thtiottgh  the  tail«  and  eren  through  its  thicker  parts.  The  nebulosity  of  a  oomet,  dien- 
fxVK^  may  be  legarded  simply  as  a  rapour,  extremely  light,  which  accompames  ^ 
central  nucleus.  The  rapid  changes  which  haxv  been  occasionally  oheerred  in  tiw  ibm 
of  e\>mets  wvmM  se«m  to  (vmfirm  this  impression.  For  example^  Halk7*8  eomet 
>9nMt  oV$orrv4  with  muth  cai^  by  Henehel  at  ^  Cape  of  Good  Hope  at  tiie  cad  of 
\$:^\  and  w>^  haT«  alnady  noted  the  changes  he  ehsenrd:  but  tka  naoBt  striking 
\Yr!^r«v>e  of  change  on  rK^  e^y^wnrad  in  Januarr,  l$id.  when  GaaabaEf  a 
<^)«Hnn^l  tv^  be  sef«nited  intii>  tw»  pans.  MMh  haTing  £xmed  an  ^i^Aij^iT^fe 
with  the  usual  nebakms  a^^Mapalaaa(AV  When  the  cusaetsfflana^yeaiediniSgg, 
tW  nn>  e^jeelt  alw  a|yiaw4>  but  ax  am  incxeoscd  &aaMcw 
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We  ]iere  aubjoia  a  table  of  calciiliitod  orbita  of  comet*  from  the  beat  authoritit?* : — 

«„      Grwnwict  Menu  Time 

of                   "^* 

Incline-  l^narithm 

Edeeu- 

DtTec- 

pnlcolattnr 

^o* 

of  PertlicUtm  PjiSMige. 

Perihelion 

Node. 

tloti. 

ofpcrliiiit. 

triclty. 

Motion 

Vi'H-J  bU4'*>  bVI  I 

OLD    STVLE* 

0         .       *,j   a       *       *f 

«      r     ,* 

I 

371  Wlixt^ir 

150  to  210  270  to  33n 

Ab.  30* 

varyBm&ll 

B 

ringre 

2 

137  Apt.  20 

^SO    0    01230    n    CI 

20    0    0 

0-0043 

R 

PeircQ 

3 

mJulj 

315    0    0165    0    CI 

70    0    0 

9'90 

D 

Peirce 

4 

12  Sep.  15 

0    0    0   35    0    LI 

07    0    0 

9'019 

E 

FeUree 

5 

86  Jan.  142 

325    0    0   32  42    0 

40  30    0 

0-6460 

B 

Hind 

6 

UO  Not.  10 

371    0    O|1S0    0    0 

14    0    0 

0-570 

D 

Burdrbardt 

^ 

451  July  m 

Halley's  Comet. 

Langipr 

'      8 

539  OcL  20' n3 

313  30    0 

58^or23&' 

10  0  0; 

0'533O7    11 

D 

Burekberdl 

0 

565  July  14'5 

80    0    0 

150  30   a 

50    0    0, 

9-92000     |1 

R 

Bixrckhai'tit 

10 

5m  Aug.  29  32 

318  35    0 

204  15    0 

18    0 

9  05771      1 

D 

L&ngkt 

u 

fiTI  Apr.  7-2fl 

li;i30  0 

128  17    0 

10  31    0 

9-9636        1 

D 

Hind 

'    (T) 

760  Jut]&  11 

Halley'H  Comet, 

n 

770  Jane  fl  588 

-157    7    0 

90  50    0 

61  10    0 

0-60766 

R 

Liuogier 

la 

837  Marcli  1 

■mt  3  0 

-306  33    0 

10nol2° 

9-763428 

R 

Pingre 

u 

061  Dec.  3010 

zm  3   0 

350  36    0 

70  33    0 

9-7418 

E 

HTIld 

-     15 

9m  Sep.  12 

261    0    (1 

84    0    0 

17    0    0 

9'7546 

E 

Bnrekbfitill 

ifl 

1066  Mftj  30  or  31 

vm  0  0 

230    0    0 

70=to80^ 

9-53 

R 

Pingre 

1   ^^ 

10jr3  Feb.  15 

156  20    II 

12.^  40    0 

28  55    0 

0-9676 

D 

Bind 

18 

1097  Sep.  31 '9 

3.^2  30    (.1 

^07  30    0 

73  30    0 

U-8«a32 

D 

Bardchurdt 

1   ^^ 

1^51  Jan.  30*3 

134  48    0 

13  30    0 

6    5    0 

0-070698 

D 

Pingre 

20 

laei  July  17  O^"! 

275  15    0 

178  45    0 

30  25    0 

0*61364     |1 

D 

Pingrd 

21 

lagO  Marcli  31*813 

3  20    (1 

107    8    13 

68  57   0 

9*50233 

R 

PiugrB^ 

^ 

1301  Oct.  21 

312   0   0 

138    0    0 

13    0    0 

0-806 

R 

Langier 

23 

1337  JTiDe  15*071 

2  20    0 

03    1    n 

40  28   0 

0-01815 

R 

Lajigier 

21 

1351  KoT.  265 

60   0   0 

IncletermJtifttt?. 

0- 

B 

Bnrckhardt 

S^l 

1302  Mar.  233 

'Ml    0    0 

237   0    0 

32    0   0 

0*67214 

R 

Bni-ckbardi 

SO 

U%6  Oct,  13 

66    0    0 

■zn  0  0 

6    0    0 

0-0814 

Peirce 

(7) 

1378  Nov.  e'764 

20s  31    0 

17  17    0 

17  56    0 

9'76604 

R 

Langier 

S7 

1385  Oct  16-26 

101  47    0 

26$  31    0 

52  15    0 

0-8886 

K 

Hmd 

as 

J133NOV.  113 

aai    2  JO 

133  ID    0 

79    1    0 

9*53079 

E 

Lnngiw 

(T) 

1450  June  8017 

301    0    0 

48  30    0 

17  56    0 

076764 

R 

Pingru 

80; 

1157  Sep.  3  7 

02  50    0 

256    3    0 

2020    0 

0-3220 

D 

Hijid 

30 

lies  Oct.  7-1265 

122   0 

71    5    0 

38    I    0 

091893    \l 

R 

Viik 

31 

1172  Feb.  28-^18 

48    3    0 

-207  32    0 

165    0 

0751718 

1 

K 

Langier 

32 

UOODec.  35  0 

113    0    0 

im  0  0 

75    0    0 

9878 

I 

E 

Peirce 

33 

150fJSei3.  3  6B2 

250  37   0 

132  50    0 

15    1    0 

9-58656 

1 

R 

Langier 

(T) 

1531  Aag.  2a-7Sa 

301  12    Li 

45  30    0 

17    0    0 

976338 

0-067391 

R 

Halley 

31 

1533  Oct.  16  3321 

11118    0 

87  23    0 

32  36    0 

0-715351 

1 

D 

Olbetu 

35 

1533  Joua  11-883 

31710    0 

399  10    <l 

28  14    0 

9-514362 

L 

D 

Olbem 

(20) 

15S6  Apr,  sa-tJ233 

271  U  51 

175  25  18 

30  12  42 

^7(mn 

1 

D 

Hind 

m 

1558  Aug.  10-52 

320  10    0 

mm  0 

73  20    0 

9-76140    ;i 

R 

Olbera 

37 

1577  Oct.  2G'9470 

12012    0 

25  20  24 

75    9  42 

0-2492O     'l 

R 

Volst«dt 

38 

15B0  Nov.  28*5727 

100  1155 

10    7  37 

64  51  50 

9774003 

1 

D 

Piugrf 

39 

1582  Mdj  7-318 

'281  26  45 

>11 12  35 

59  29    5 

8602754 

1 

E 

J  Pfitera  & 
SawitEch 

40 

1585  Oct  8-0263 

0    821 

371110 

6    5  52 

0*0393530 

1 

D 

11 

1500  Febu  8-0271 

217  57  21 

165  37    5 

20  20  41 

07541386' 

1 

E 

Hitid 

la 

1503  Julj  18-5685 

176  19   n 

16115    0 

87  58    0 

S-91940 

1 

n 

T^acailli) 

43 

1506  July  23  612 

27124    0 

135  39    0 

sa4e  0 

0-75258 

1 

R 

Vak 

(7)H007  Oct"  20  71591 

301  38  10 

43  40  28 

17  12  17 

0-769358 

00670S87 

R 

Besnel 

310 


CALCULATED  O&BITS  OF  COMETS. 


No. 


44 
45 
46 
47 
48 
49 
dO 
51 
62 
53 
54 

(7) 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

(7) 
81 
82 
83 

84 
85 
86 
87 


90 
91 
92 
93 


Greenwich  Mean  Time 
of  Perihelion  Passage. 


Lonifitude 

of 
Perihelion 


1618  (1)  Aug.  17-1268  318  20  0 
1618  (2)  Nov.  83-507  3  5  21 
1652  Nov.  12-653  28  18  40 
1661Jan.  20-881     115  16  8 

1664  Dec.  4*494      130  41  25 

1665  Apr.  24-219     71  54 
1668  Feb.  28-8      277  2  0 
1672  Mar.  1359      46  59  30 

1677  May  6-026     137  37  5 

1678  Aug.  26-586  327  46  0 
1680  Dec.  17-99338   262  49  5 

1682  Sep.  14-79505   301  65  87 

1683  July  12-72586    86  31  42 

1684  June  8-428     238  52  0 
1686  Sep.  16-606      77  0  80 
1689  Dec.  21403     270  16 
1695  Nov.  9-7018     60  0 

1698  Oct.  18-706     270  51  15 

1699  Jan.  13-349     212  31 

1701  Oct.  17-410     133  41 

1702  Mar.  13-6065    138  46  34 

1706  Jan.  302060     72  36  25 

1707  Dec.  11-9885  79  59  8 
1718  Jan.  14-90573  12189  57 
1723  Sep.  27-62788  42  52  35 
1729  June  13-26350  320  31  22 
1737  (1)  Jan.  3034767  325  55  0 
1737  {2)  June  8-3185  262  36  39 
1739  June  174164    102  38  40 

1742  Feb.  8-6192     216  39  20 

1743  (1)  Jan.  819403   93  19  37 

1743  (2)  Sep.  20-8866  246  33  52 

1744  March  1-3282   197  11  58 

1747  March  3-2991    277  2  0 

1748  (1)  Apr.  28-78065  215  23  29 
1748  (2)  June  18-88751 278  47  10 

1757  Oct.  21-38450    122  36  29 

1758  June  U-1373    267  38  0 

1759  (1)  Mar.  12-5517  303  10  28 
1759  (2)  Nov.  270-2358  53  38  4 
1759  (3)  Dec.  16  53392 139  8  62 

1762  May  28-33451    104  2  0 

1763  Nov.  1-86141     84  58  68 

1764  Feb.  1257100  15  14  52 
1766  (1)  Feb.  17-3610  143  15  25 
1766(2)  Apr.  26-98882  251  13  0 

1769  Oct.  7-62039    144  11  29 

1770  (1)  Aug.  13-54085  356  16  61 

1770  ^2)  Nov.  22-2362  208  22  44 

1771  Apr.  19-21271    104  8  10 

1772  Feb.  1909933   110  14  64 

1773  Sep.  5-37685     74  57  41 


•293  25  0 

75  44  10 

88  10 

8154 

8114 

301228  2 

357  17,  0 

-^7  80  30 

236  49  IC 

16140 

-272  9  29 

61  11  le 

173  18  15 

268  15  0 


Longitude 

of 

Node. 


350  34  40 
344  18  0 
-216  0 
-267  44  16 
321  46  85 
298  41 
188  59  10 

13  11  23 
52  50  29 

127  65  31 

14  14  17 
310  38 
•226  22 
123  53  43 
207  26  14 
186  9  30 

86  54  30 

6  16  25 

45  46 

147  18  50 


83 
214 


8  29 
711 


230  50  0 


189  40  15 
79  20  24 
34883  5 
866  24  4 
120  4  33 


244  10  5040  50  20 


74  11  0 
175  3  59 
131  68  56 
108  4210 

27  51  49 
254    0    1 


Inclina-  Logarithin 
tion.     ofperDist. 


2128  09-71010 


37  11  31 
79  28  0 
0  56 
•21  18  30 
76  5 
.•)5  58 
S3  22  10 
78  8  15 
3  420 
60  40  16 
17  44  45 
83  47  46 


9-590656 

9-928140 

9-646131 

0-011044 

9-027309 

7-680000 

9-848476 

9-448072 

0-092727 

7-793561 

9-7655898 

9-74301480-9832470 


65  48  409-982889 


31  21  40 

30  25 
22  0 
1146 
69  20 
4139 

4  24  44 
55  14 
S8  37  40 

31  8 
50  018 
77  6  18 
18  20  45 
39  14 
55  42  44 
67  81  40 

153  48 
45  48  21 
47  10  53 
79  6  20 


282  515085  28  23 


67  8  28 
12  41  17 

68  19  0 


68  60  27  17  36  52 


85  38  13 
72  3152 
52  53  31 


8  145 
40  45  55 

184  28 
31  25  56 


1 
1 
1 
1 

1 

1 

1 

1 

1 

1 

0-999985417 

0-96792019 


9-611888 

8-01284 

9-9261 

9839660 

9-871570 

9-772784 

9-810790 

9-630290 

9-934018 

0-010908 

9-9994748 

0-6067670 

9-847960 

9-93802 

9-828889 

9-886528 

9-9852868 

9-717310 

9-346788 

0-842146 

9-94486 

9-796128 

0-530610 

9-833148 

9-7667990 

9-904218 


79  8  19 
4  42  109-988064 


0-003912 

9-6974784 

9-744462 

9-703570 

9-6009521 


Eccen- 
tricity. 


I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

10060834 

1 

1 

1 

1 

0-7213086 

1 

0-999100 

1 

1 

1 

1 

1 

0-9676844 


0-998680 
1 

1 
0-864000 


9-0890392,0-9992490 


9-8289491 
9-722833 


11  16  19  9-9559104 

18  17  880-0058652  0-9031481 

121    4  49|61  13  19;0-0512720 00935023 


0-186119 

1 

1-0093698 


II 


Pingrd 

Beasel 

HalLej 

M6ehaiii 

Halley 

HaUey 

HendiOiO] 

Halley 

Halley 

Deioires 

Encke 

Bosenbeii 

Clansea 

HaOey 

Halley 

PeiTee 

Borckhth 

Halley 


CUffidatoi 


Borcldifln 

Borckhtrd 

StnEyck 

Strnyck 

Aigdaida 

SpSrec 

BorcUmi 

Bzadlfly 

DanMj 


Bazko 
ClaiuML 
KUnkenlMc 
Eukr 


Besad. 
DeBatta 


Chi^fpa 

Cha^e 

BuxchBaio 

BureUiara 

Pingrfi 

Pingrt 

Bnrekhaid 

Besael 


Pingrt 
EndM 
Beaael 
Pingi^ 


CALCULATED  OEBITfl  OF  COSi^XS, 
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04 
96 

m 

100 
101 

104 

lOfi 
IGT 

m 

100 

110 
111 

m 

113 
lU 
lid 

im) 
m 

117 
118 

lie 

1'20 

m 
m 

(104) 

m) 

m 

m 

127 
128 

laa 
im 
ini 
m2 
las 
iu 

135 
(02)? 

IM 
{lU} 

IBS 

139 


Greenwlah  Mean  Time  l^^^^tude 
jpffdhelion 


of  Feiihcliini  PiiBaDgD, 


1 77i  Ang.  Ifs  SaOlO       3 17  27  4t  1 
ITTJJJiui.  4*10445  BI3  53    0 

17?^  (1)  3ep,  80-92S3024©  35  Oli 

1780  fS)  Nov-  28'81790  *>4fl  &3    0 
1T91  H)  July  71B88T  -331*  11  25 

1 781  (2)  Nov.  ^S'52320   16    3    7 
178S  Nov.  19*56318         40  31  5 
iim  ^un.  ^l-iBdm  80  44  24 


264 
64 

lOfl 

172 

33 
333  J  BO 


nsa  (1)  Jan.  27-32549  lt)§  51  50 
17B5  (2)  Apr.  S'inm   297  34  30 
1780  (l)  Jan.  30-873m)  15ti  38 
nSO  (2)  Jolv  8-50747    168  88  30 
1787  May  Io'8a545  7  44    5^ 

i788(i;NoTao'3oea3'  B9  a  t 

1T88  (2)  Not.  20  30254  2^  49  54 
170^>(1)  Jan.  Ifi- 79038  BS  24  4^: 
noors)  Jan.  21^-31077  Ul  44  37 
17B0  (3)  Mflj  21-24090  37.^  43  27 

1702  Jao.  i:V5S489  36  30 

1703  (2)  Dec.37  3MflO  135  59  24  283 
1703(1)  Nov.  4  84140  228  42  0106 
17B3  (2)  Nov.  28  50981  73  58  58  359 
iim  Dec.  21 -44098  136  4 1  34  334 
I79fl  April  282478  192  44  1^  17 
1797  July  9- 11 424  49  84  42  329 
1708  fl)  Apiii  4-49B70  105  0  57  122 
1708  (2)  Dec,  3155350  34  27  21 249 
1790  (1)  Sep.  7-22020  3  38  9  93 
1799  r2)  Dee.  25  80640  190  20  1282fl 

1801  Ang.  8%>574  183  49    0   44 

1802  Sep.  9-B9102  332  9  4  310 
1S04  Feb.  13-58813        148  44  51  178 

1805  (1)  Nov.  21 '49987  156  47  J9  334 

1806  (2)  Dec.  32  9'742^:i  109  82  23  05 1 
JSOfl  Dec.  28-93150         97    2    3  322 

1807  Sep.  16738870  270  54  42 2CG 
18l>8  { I ;  May  12-959  09  12  57  322 
1808(2;  July  13-107efi'252  38  00   94 

1810  Sep.  29  0997  |  52  44  42  310 

1811  (1)  Sep.  12'25731    75    0  34  140 

1811  (2)  Nov.  10139048   47  27  20   03 

1812  Sep,  15-31350  02  18  Hi  2^3 
1818  (l;  MftT.  4-5ii050    60  50    8   GO 

1813  m  Mav  19  (12r^78  197  28  37  42 
1815  Apr- 25  9921T  1J9  2  12  83 
1818(1)  Feb.  7-397        95    7    0,254 

1818  (2)  Fab,  35-95890  182  45  22    70 

1819  (1)  Jan.  27-25610  156  59  12  ^U 
1819  (3)  Jima 27-73908 287  13  41273 
1819  (3)  July  18  9O02(J  274  4«>  54  113 
1819(1)  Nov.  20  245r^3   07  18  42   77 


Loagjtude 

of 

Node. 


18rj  44  34 
23  4[}  0 
123  41  15 
141  1  0 
83  0B8 
77  22  rt:^ 
55  13  0 
50  49  21. 


83  20    0  01503060 
33  43    0  9-853090 


54  23  12 
72  3  30 
81  43  26 


IhoUdo- 


Loptrlthm 
of  per  Dint, 


89636418 
9-7120410 
9-8S0T84O 


IF  a 

17{4 
0J6 


'I 

9  39 

'60 
4fl'47 
20|13 
10  04 

30-5tl 
2143 

ama 

1151 
1177 


14  r2 

7    0 

36  0 
58  S3 

15  51 

37  40 
30  24 

44  7 
58  13 
62  27 

45  47 
145 

21    0 


42  30 
?i4  33 
35  50 


27  1-3  40-0827^230 
47  42  00-1747341 
51    9  120-8409400 

0-0581980 
9-6310240 
9'52t8KKl 
9-6  95  7630 
0-5427140 
0-0205380 
98792700 
0*8730160 
O-[>:>0fl.'Xm 
0-9019814 
0-lll4rj63 
9-0851060 
9*6007360 
SO    0  0-1401360 


10283955 

I 

9  9099640 

1 

1 

1 

0-0784 

1 


9-53431.146 

01981510 

9-7200310 

44  4219*0853710 

20    4  9B918290 

1  2frl0-9-2447lO 


13S 

20    0 

0  47 


9*7964370 
9*417804 
0'O30O61 
28  4{  10-029858 
33  30  9-032fJlG8 
38  45  9-6575120 
3  50100340550 

10  28(9  8la^l675' 
43    7|9-59O0! 
18  513,9-783870 

11  15i9'9893540 
2  2r0-0l5ll78 


city. 


1711 
57  3 
13  3.^ 

55    5 


0-1092350 
G'80049^35 
^}-844fi579 
0084364 


29  55/HJ838109 


9  3^ 

43  41^ 
30  54 
43  00 

42  4^ 


f  ^80520 
10783711 
9'525S77l 
95340268 
0-8885382 


I  1610-9500368 


D 
B 
D 

D 
R 
R 
D 
K 
D 
R 
R 
R 
R 
D 
D 
R 
R 
D 
R 
R 
E 
R 
D 
D 

0-84617520    1> 

0-7457B4 

1 

0-0004878 

I 

I 

1 

U-S05O93S 

0082710^ 

O-0JJ45412 

1 

1 

0-93921068 

1 

I 

0*8480841 

1 

O-75319035 


1 

1 

0-84830 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

0-7347635 

0-8488838 

1 

1 

1 

1 

I 

1 

1 

1 

X 


SI 

3?i 


0-6807458  \  I^ 


CalQtLlator. 


BnrckhaMt 

Olbera 

Citiver 

Olbera 

Mechaln 

Legendre 

Buxckbdzdt 

Meeliain 

Larpu 

Enckt 

Reggio 

[.jtron 

Mecbain 

Mecham 

Laron 

MechAUL 

M^ehoin 

ZaeU 

Prodperm 

Lwroti 

htuFckbordi 

Kncke 

Olbei-d 

Bouvard  ] 

Olbers 

BuTcklLardt 

01b  en 

Meehflin 

Hnrckliardt 

Olbera 

Gaiisii 

Encke 

rrarabiitt 

Burckbardt 

Beiisel 

Enoke 

BgMel 

Iriegueekear 

Argelander 

Kicolai 

Eneke 

Nicollet 

Olberg 

Bie^gael 

Enoke 

Eiicrke 
Nicolai 
Eueko 


\ 
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GreeawicH  MiPim  Tim*  l^'}'^'' 


of 


III 
14^ 
(104) 
143 
144 

140 
147 
US 
14» 
(104) 
150 

{m 

15  L 

loa 

153 
154 
15^1 
150 
157 
(104) 

\m 

150 

(104) 

IfiO 

I(tl 

16'i 

(104> 
(T) 

fl(J4) 
]ft4 
10.7 
lOll 
1«7 

(104) 
IGft 

(50): 

ltS9 
17[ 

(58)? 
172 
173 
174 
175 
170 

(104; 
177 
(92) 

(m 

178 
179 


1820  (."> 


230 

if?2 

IftT 

'2ifl 

i^7l 

*274 

260 

4 

^i7a 

10 
1^57 
ni6 
1(KI 
117 
35 
57 

im 

S3 
3S)7 
2&0 
157 


1831  MwJil*538fifl 

18-22  (1)  Mftj  ^P^nm 

1822  (2)  May  23^00306 

1823  (3)  Jaly  10  (m»3 
1823  (4)  Oct.  2:i  7607$ 
Iftil  Dee.  9-444(38 
1824(1)  July  11*512116 
j824  {2)  tSep.  19-2440 
1825  (ij  May  30-5588(1 
1S>5  (:*)  Aug.  ie-71105 
imTi  (4)  Sep,  10-27312 
182,'i  (4)  Dt^.  1 0-68 1 80 
1820  (1)  MjM-,  1H-412I^ 
lrt2fl  (2)  Apn2l-[*7761 
imt)  (3)  April  2M  03904 
IftSrt  (4)  Oct  8  052-24 

Nov.  18-4120fl 
Ft'L.  4-^^2150 
June  8  411211 
Strp.  Il'092et0 

1830  (1)  April  9-00500  j212 
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This  tatle  will  be  found  ueeful,  inosmucti  aa  it  afforda  facilities  to  tho  eompiiter  to 
oomparo  the  elemouta  of  any  retiently-diatoTered  comet  with  ihom  gireu  berep 


Notes  on  Gom.et«, — ^371  E.c.  According  to  Biodorus  of  Smilj,  about  Qiq  end  of 
die  y«ar  37 1,  a  comot  appeared  of  prodigious  ma^itude,  which  was  accompanied  at  tho 
mme  time  by  inundations  and  au  eartliquiike.  Its  apparent  motion  was  from  west  to 
esAtf  but  its  real  motion  wab  probably  retrograde,  From  all  recorded  circumatanceaT  it 
appears  when  obsen^ed  to  bare  been  near  its  peribelion,  and  the  mcUnation  of  its  orbit 
to  hflTe  been  yery  great, 

Seneca  rolat^js  tbat  the  comet  was  divided  into  two  portions  near  the  end  of  its 
appearance,  Struyck  is  of  opinion  that  the  comet  was  identioal  with  tbat  of  1664,  but 
tber«  are  no  grounds  for  this  supposition. 

344  BhC,  At  this  period,  Biodorus  relates  that  Fabius  and  Sulpiclua,  being 
consuls,  on  the  occasion  of  Timoleui  of  Corinth  ondcrtalclng  an  expedition  to  Sicily, 
a  burning  torch  appeared  in  the  heavens  the  whole  night,  and  preceded  the  train  of 
Timolcus,  even  ttll  its  arrival  in  Sioily^  "Wa  may  then  infer  tliat  It  had  a  considerable 
north  declination,  and  that  it  appeared  in  tbe  western  heayens^ 

203  B.C,  H,  Cornelius  Cethegua  and  P,  Sempronius  Inditanus  being  consuls,  a 
comet  wag  seen  at  Sethio,  extending  from  east  to  west.  The  Cblntae  annals  confirm 
tlus  by  its  appearance,  about  the  month  of  August,  near  Arctiirus. 

172  n.c.  P,  Be  Msille  relates  tbat  a  great  comet  appeared  in  China,  at  tha  end  of 
the  summer  of  tbis  year,  which  had  a  tail, 

156  B^c.    In  China,  near  the  end  of  October,  and  visible  for  a  period  of  twenty-one 
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days,  a  comet  in  the  west,  which  traversed  the  constellationi  of  Aquariusy  £qaiileii% 
and  Pegasus. 

156  B.O.  In  this  year,  Seneca  relates  that,  after  the  death  of  Demetrioa,  king  flf 
Syria,  a  comet  appeared  as  large  as  the  sun.  At  first  its  appearance  was  red  and 
fiery,  emitting  sufficient  light  to  dissipate  the  darkness  of  night,  (jfradually)  hovevei^ 
its  magnitude  diminished,  till  it  finally  vanished. 

136  B.a  In  this  year  three  comets  were  seen,  which  all  may  belong  probaUy  to 
the  same  body. 

I.  S.  M.  Emilius  and  C.  Hostelius  Mancinus  being  consuls,  a  burning  torch  wai 
seen  in  the  heavens  at  Fren^ste. 

II.  Under  the  reign  of  Attatuss  king  of  Pergamus,  who  reigned  from  138  or  187 
to  132  B.C.,  a  comet  was  seen,  which  is  supposed  to  be  that  of  136  b.o.,  and  wbid^ 
small  at  first,  gradually  increased  till  it  reached  the  equator.  Its  tail  equalled  ia 
length  the  parts  of  the  heavens  whose  extent  is  the  "  Milky  Way." 

III.  At  the  birth  of  Mithridates,  who  lived  from  this  year  to  about  65  B.C.,  a  oomet, 
whose  brightness  was  greater  than  that  of  the  sun,  lasted  for  about  seventy  days ;  the 
heavens  appeared  on  fire,  and  the  comet  appeared  to  occupy  one-foorth  part  of  the  sky, 
but  it  is'doubtful  whether  this  occurred  in  this  year  or  134  b.c. 

133  B.C.  In  this  year  at  Anisteme,  the  sun  was  seen  during  the  night,  andtliii 
lasted  for  some  time ;  but  it  is  likely  that  these  appearances  were  due  to  the  meteons 
which  we  so  frequently  observe. 

48  B.C.  Lucian  mentions  that  in  this  year  a  terrible  comet  appeared ;  the  daiknefl 
of  the  night  was  illuminated  by  it.  In  49  b.c,  or  probably  48,  a  comet  was  seen  is 
China  whose  paths  were  extended  from  j3  Cassiopeise  through  i  CassiopeisB,  till  it  wai 
lost  finally  among  those  stars  which  never  set. 

43  B.C.  In  the  latter  part  of  September  of  this  year,  during  the  feasts  in  honour 
of  Venus,  a  comet  was  seen,  which  was  of  great  brightness,  and  was  visible  in  all 
parts  of  the  earth.  It  was  visible  about  5  p.m.,  when  the  brightness  of  the  nm 
permitted  it  to  be  observed.  It  is  very  probable  that  it  was  in  the  sign  Leo,  with  a 
north  latitude  of  35"  to  40'',  and  that  it  was  identical  with  the  comet  of  1680.  la 
China,  in  this  year  also,  a  comet  was  seen  in  the  months  of  May  or  June,  which  was  in 
the  constellation  Orion ;  but  if  this  is  the  same  comet  as  the  preceding,  it  will  not 
agree  with  the  elements  of  the  comet  of  1680. 

Since  the  Christian  Era. — 14.  According  to  Dio  Cassius,  S.  Pompeins  Magndf 
and  S.  Apuleius  being  consuls,  many  comets  of  the  colour  of  blood  were  seen  to 
shine. 

39.  In  the  Chinese  annals  mention  is  made  of  a  comet  in  this  year,  which  was 
visible  from  the  13th  of  March  to  the  30th  of  April,  or  for  forty-nine  days.  Its  path 
was  from  the  Pleiades,  through  Pegasus,  and  finally  to  the  head  of  Andromeda. 

60.  In  China  a  comet  was  seen  in  the  constellation  of  Capricomus,  whose  tail  was 
eight  degrees  in  length ;  its  appearance  lasted  for  fifty  days,  and  it  was  last  observed 
in  the  south  of  the  head  of  the  constellation  Scorpio. 

76.  Pliny  relates  of  a  comet  being  observed  this  year,  which  was  described  by 
Titus  Csesar  as  having  occtured  in  his  fifth  consulate.  In  China  it  was  observed  from 
the  seventh  of  September,  and  was  visible  for  forty  days.  Its  tail  was  8^  in  laagth, 
and  the  path  of  the  comet  was  from  the  head  of  the  constellation  Herculse  toTd 
the  east  of  jS  Capricorn. 

117.  In  the  9th  of  January  of  this  year  a  comet  was  seen  towards  tiwwirt;  'Oi 


COKETS  OF  CHINESE  ANNALISTS.  315 


Jaauaiy  14th  it  was  seen  near  fi  Libr»  and  a  Equulei ;  it  afterwards  passed  to  the 
ooDfitellatLon  Musca. 

141.  According  to  the;  Chinese  annals,  on  March  27th  of  this  year,  a  comet,  whose 
tail  W18  6°  or  V  in  length,  was  seen  near  a  and  jB  PegasL  On  the  following  16th  of 
April  it  was  near  |  Andromeda.  On  the  evening  of  the  22nd  of  April  it  had  passed 
OTer  the  Pleiades,  or  about  11''  of  right  ascension.  On  the  23rd  of  April  it  was  seen 
in  the  feet  and  legs  of  Gemini,  and  finally  disappeared  in  Leo. 

240.  Seen  in  China,  on  the  10th  of  Noyember,  a  comet  with  a  tail  30°  in  length  in 
Scorpio ;  it  passed  through  Capricomus,  and  on  the  5th  of  December  entered  into 
Idbrm.  Its  latitude  was  2°  south  on  the  10th  of  Noyember,  but  at  the  beginning  of 
December  it  was  not  an  entire  degree.  On  December  19th  the  comet  was  south  of 
t^  ediptio,  and  was  in  the  constellations  of  Aquarius  and  Cetus. 

262.  In  this  year  two  comets  were  seen  in  China.  The  first  was  seen  in  the  wing 
of  P«gasu8  on  January  10.    It  was  to  the  west,  and  appeared  seventy  days. 

On  the  25th  of  March  a  comet  was  visible  in  the  constellation  Musca,  it  was  seen 
tat  twenty  days,  and  the  length  of  its  tail  was  50''  or  60°. 

336.  In  China,  on  the  16th  of  February,  in  the  evening,  a  comet  was  seen  in  the 
southern  arm  and  the  girdle  of  Andromeda,  and  in  the  northern  part  of  the  constellation 
Pisoea.  It  is  probable  that  this  is  the  comet  which  is  mentioned  as  having  been  seen 
at  the  death  of  the  Emperor  Constantino,  who,  however,  died  on  May  22nd  in  the 
following  year. 

363.  At  the  end  of  August  of  this  year,  according  to  the]  Chinese  annals,  a  comet 
was  seen  near  the  stars,  a,  (,  k,  A,  i,  v  Yirginis.  Its  brightness  was  so  great  that  it 
was  visible  in  full  day. 

~  389.  In  this  year  a  brilliant  comet  was  visible,  in  the  month  of  August,  in  the 
morning,  which  Mascellin,  Philosostorgus,  and  Nicephorus  mention.  It  equalled 
Yenus  in  brightness,  and  was  erroneously  placed  near  this  planet.  Payne  has 
oslcfolated  that  the  planet  Venus  was  at  this  time  in  inferior  conjunction,  and  that  it 
did  not  become  visible  in  the  morning  till  November ;  but  he  thinks  that  it  was  very 
likely  that  it  was  near  Jupiter.  Jupiter  was,  at  this  time,  in  August,  to  the  west  of 
the  sun,  and  would  rise  a  short  time  after  midnight.  The  comet  lasted  for  forty  days^ 
tod  finally  disappeared  in  the  constellation  of  Ursa  Major. 

390.  In  this  year  a  comet  appeared  similar  to  a  hanging  column,  which  lasted  for 
thirty  days.  There  appears  to  be  no  doubt  that  this  was  a  different  body  firom  that  of 
the  preceding  year. 

400.  The  historians  of  this  year,  Socrates  and  Sozerames,  make  mention  of  a 
terrible  comet  which  occurred,  and  was  seen  in  this  year.  Its  form  was  that  of  a 
swoid.  It  was  also  observed  in  Cluna  on  the  19th  of  llfarch,  near  the  northern  part 
of  Pisces,  and  the  girdle  and  southern  arm  of  Andromeda;  its  tail  was  30°  in  length. 
It  soeeessively  passed  through  the  constellations  of  Cassiopeia,  and  to  the  square  of 
the  great  bear,  where  it  was  near  x  Ursa  Majoris,  then  to  a  Hercules,  and  finally 
between  y  and  3  Virginia.  But  this  does  not  appear  probable,  for  it  would  have 
been  more  io,i^  instead  of  the  head  of  Hercules,  it^had  been  written  the  tail  of  the 
Lion. 

•  418.  During  an  eclipse  of  the  sun  of  this  year,  on  the  19th  of  July,  a  comet  was 
MOL  wUehhad  a  conical  form,  and  was  visible  for  a  period  of  four  months.  This  ia 
eonflimedby  an  aotoal  calculation  of  this  eclipse,  which  occurred  at  this  time.  It  wa« 
■hft— inOhina,  and  its  path  was  as  Mlows:— At  its  first  appearanee,  it  was  near 
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the  Btar  8  Cjgni,  from  which  it  went  to  the  square  of  the  Great  Bear ;  it  afterwards 
proceeded  to  that  part  of  the  heavens  which  always  remains  ahoye  the  horizon,  to  the 
constellations  Bootes,  Yirgo,  Leo,  and  Cerana.  Stmyck  was  of  opinion,  at  first,  that 
this  comet  was  identical  with  that  of  1596,  but  afterwards  renounced  this  opinion. 

467.  Perseus  and  John  being  consuls,  a  great  prodigy  was  seen  for  some  days  in 
the  heavens.  It  was  observed  for  40  days,  but  in  some  places  it  was  only  seen  fbr  10 
days. 

504.  In  this  year  a  star  or  comet  of  great  brilliancy  was  seen,  but  the  Saxon  an- 
nalist describes  it  in  exaggerated  terms. 

530  or  531.  The  Chinese  annals  make  mention  of  the  first,  which  appeared  in  the 
month  of  October,  530.  Its  course  was  from  Arcturus  to  X  and  Urs8B  Majoxis.  This 
would  agree  with  the  motion  of  the  comet  of  1680,  which  period  Halley  had  assigned 
to  it ;  and  we  may,  therefore,  infer  its  probability.  The  second,  which  appears  to  be 
a  different  body,  was  seen  at  Constantinople  in  531.  All  the  Byzantine  authors  spesk 
of  the  last,  which  is  described  as  having  been  a  large  and  terrific  body,  and  was  visible 
with  them  for  20  days.      Its  rays  extended  to  the  zenith,  and  it  was  compared  to  a  lamp. 

539.  This  comet,  which  was  visible  for  40  days,  occurred  in  the  ISih  year  of 
Justinian.  Its  head  was  in  the  east,  and  its  tail  extended  to  the  west.  Its  appeazanee 
is  described  as  being  equal  in  magnitude  to  a  great  man,  which  afterwards  inczeased. . 
It  was  afterwards  observed  in  China,  in  the  constellation  Sagittarius,  near  fi,  r,  ^  0*,  r 
and  C  Its  tail  was  10  feet  long.  On  the  1st  of  January,  540,  the  comet  was  within 
3°  of  Yenus ;  but  this  appears  improbable. 

565.  On  the  4th  of  August  of  this  year,  a  comet  was  visible  in  China,  and  remained 
so  for  100  days.  It  was  first  seen  in  «,/,  0,  <t>,  0,  and  h  of  the  Great  Boar.  Its  tail  wis 
not  a  whole  degree  in  length.  It  then  approached  y  Aquarii,  and  c  and  6  Pegasi,  at 
which  time  its  tail  was  10°  long.    Its  last  appearance  was  in  Equulcus. 

566.  In  this  year  a  comet  was  seen  which,  according  to  one  chronicler,  lasted  lor 
a  whole  year ;  but,  according  to  another,  which  is  more  probable,  only  remained  for  66 
days.    It  is  described  as  throwing  out  a  long  fiame,  and  appeared  in  the  Arctic  cirole. 

568  (first  comet).  On  the  10th  of  July  of  this  year,  a  comet  was  seen  in  China  in 
the  feet  and  thighs  of  Gemini. 

568  (second  comet).  Another  comet  was  observed  by  the  Chinese  this  year,  on  the 
3rd  of  September,  in  the  face  and  heart  of  Scorpio,  which  proceeded  eventually  to  the 
east.  On  the  8th  of  September,  it  had  a  tail  of  40",  near  the  northern  star  of  Delphinqa 
It  then  passed  through  the  constellations  near  j3  Aquarius  and  a  Equuli,  and  a  Aquarius, 
and  e  and  0  Pegasi,  and  entered  into  the  constellation  the  Eye  of  Pegasus.  On  the  8th 
of  October  it  was  in  the  head  of  Aries.     It  was  observed  altogether  for  69  days. 

582.  At  Easter  day,  which  occurred  on  the  29th  of  March,  a  great  comet  is.  men- 
tioned by  many  historians  as  having  been  seen  at  Soissons. 

607.  In  China,  two  comets  are  mentioned  as  having  been  seen,  which  some  astro- 
nomers consider  identical.  The  first  appeared  on  the  4th  of  April,  in  the  west.  It  passed 
through  the  constellations,  the  northern  Fish,  the  girdle  and  the  southern  arm  of  Andro- 
meda, the  head  of  Aries,  a  and  ( Virginia,  and  the  feet  of  the  Virgin,  where  it  dis- 
appeared. 

.  The  second  was  seen  on  the  21st  of  October,  in  the  same  constellations.  It  passed 
over  the  northern  part  of  Leo,  of  Virgo,  and  of  other  stars  more  to  the  north.  The 
comet  did  not  attain  the  constellation  a,  jB,  7,  8,  €,  (^  17,  0,  k,  Orionus. 

615.  In  July  a  comet  was  seen  in  China,  in  the  Great  Bear.    Its  tail  was  50*  or 
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60"*  in  length.  Daring  the  night  its  head  or  nucleus  had,  as  it  were,  a  motion  of 
lihration. 

676.  In  the  beginning  of  this  year  a  comet  was  discovered  in  China,  whose  tail  was 
5'*  in  length,  to  the  south  of  the  constellations  a  and  (  Yirginis,  and  the  feet  of  the  Yirgo. 

729.  Bede  and  other  chroniclers  mention  a  comet  as  haying  appeared  in  the  month 
of  January  of  this  year,  which  was  near  the  sun  for  14  days.  But  some  mention 
two  haying  been  seen,  which  is  improbable.  It  is  likely  that  it  had  a  right  ascension 
little  different  from  the  sun,  with  a  northern  declination,  which  would  account  for  its 
setting  after  the  sun,  and  rising  before  it. 

837.  Father  de  Maille,  according  to  Pingre,  relates  that  on  the  22nd  of  March,  in 
China,  a  comet  was  seen  near  a  Aquarii,  e  and  0  Pegasi.  The  tail  of  the  comet  was 
7Mong. 

On  March  29,  it  was  seen  in  $  Aquarii  and  a  Equulei.  On  April  6,  it  had  a  tail 
10^  long,  and  its  motion  was  towards  the  west  On  April  10,  the  tail  was  60°  long, 
and  separated  into  two  portions.  On  April  6,  its  tail  was  undivided,  and  its  length 
was  60"".  On  April  14,  the  length  of  the  toil  was  80°,  at  which  time  the  comet  was  in 
the  constellation  Hydra.  After  this  time  the  length  of  the  tail  decreased  considerably, 
and  on  April  28  it  was  seen  for  the  last  time  with  a  tail  only  3°  long.  Pingr6,  after 
having  carefully  investigated  all  the  preceding  observations,  deduces  an  orbit  which 
appears  in  our  catalogue ;  but  there  appear  strong  reasons  for  inferring  that  it  was 
probably  an  apparition  of  Halley's  comet,  which,  from  some  errors  in  the  published 
accounts,  will  not  agree  with  the  observations.  There  also  appears  to  be  a  doubt  as  to 
the  year  of  this  appearance — ^the  Latin  accounts  agreeing  consistently  in  placing  it  in 
838,  whilst  the  Chinese  give  837.  Were  two  comets  seen,  or  is  there  an  error  in  the 
Chinese  account  ?  The  account  of  an  anonymous  Latin  historian  differs  both  in  date 
and  position.  It  is  nearly  as  follows :—  It  was  first  seen  in  Virgo,  and  pursuing 
a  retrograde  course ;  it  traversed  successively  Leo,  Cancer,  and  Gehiini,  all  in  the 
space  of  twenty-five  days,  and  finally  disappeared  in  Taurus,  under  the  feet  of  Auriga. 
Fingr^*s  orbit,  which  is  based  on  the  Chinese  observations,  will  not  agree  with  the  lat- 
ter path ;  and  we  may  infer,  with  some  reason,  that  the  year  was  838,  and  the  comet  of 
which  the  Latin  historian  speaks  was  that  of  Halley. 

855.  In  this  year,  an  ancient  chronicler  mentions  two  stars  being  seen  in  the  month 
of  August,  on  ten  successive  occasions.  They  were  likely  comets,  the  larger  being 
always  visible,  but  the  smaller  not  so  frequently.  A  comet  was  also  seen  in  France 
daring  20  days. 

875.  On  June  6,  an  extraordinary  blazing  comet  was  seen,  with  a  fine  tail.  It 
appeared  first  in  Aries,  and  was  visible  during  the  whole  month  of  June.  This  comet 
was  supposed,  at  the  period,  to  be  the  announcement  of  the  death  of  the  Emperor 
Louis  U. 

891.  In  China,  on  May  12,  a  fine  comet  was  seen  in  Ursa  Major,  with  a  tail  100° 
in  length.  This  comet  is  also  mentioned  in  the  Saxon  annals.  Pingrd  was  of  opinion 
that  this  comet  was  identical  with  that  of  1532  and  1661. 

895.  A  fine  comet,  whose  tail  was  ^100°  long,  was  visible  in  China  on  June  25.  It 
was  first  seen  near  i  and  k  of  the  Great  Bear,  and  in  the  course  of  its  appearance  it 
passed  over  Cerene,  part  of  Hercules,  and  Serpentarius.  The  length  of  the  tail  also 
increased  to  200**,  which,  however,  Pingr^  asserts  is  difficult  to  believe. 

905.  In  this  year  the  European  and  Chinese  annals  mention  the  appearance  of  a 
great  comet  in  the  months  of  May  and  June. 
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912.  In  this  year  the  Latin  anthon  relate  that  a  comet  appesred  in  die  mondi  of 
March,  for  fourteen  days,  in  the  north-west.  A  Oreek  author  mentiona  its  dimtiaiai 
being  forty  day*. 

931.  A  comet  was  yisible  m  Cancer  in  the  months  of  Kay,  June,  and  July  of  thii 
year. 

939.  On  the  19th  of  July  of  this  year  a  longer  eclipse  of  the  sun  wtm  leen ;  and  is 
Italy,  during  eight  successiye  nights,  a  comet  of  great  splendourwaa  behdd. 

942.  A  comet  was  seen  in  October  of  this  year  for  upwards  of  twentj  dcyi  in  tin 
western  heayens.  Its  motion  was  towards  the  east  Its  head  was  faint,  bat  the  liii 
projected  and  resembled  smoke. 

975.  In  the  autumn  of  this  year  a  comet  is  mentioned  by  the  Latin  and  danem 
historians.  In  China  it  was  seen  on  August  3rd  in  Hydra ;  its  tail  was  40°  in  kngA. 
The  comet,  during  the  time  of  its  appearance,  which  was  for  eighty-three  days,  paMed 
through  the  constellation  Cancer  to  the  space  between  y  Pegasi  and  a  Andromeda. 
Pingr6  remarks  that  there  is  a  considerable  similarity  in  the  aboYe  path  to  that  of  1556^ 
which  is  supposed,  with  great  probability,  to  be  identical  with  that  of  1264.  Takii^ 
its  perihelion  passage  a  few  days  before  the  end  of  975,  July,  Pingr6  finds  that  it  m^ 
have  been  seen  about  the  11th  of  July,  which  Father  Ganbil  states  to  be  the  case  ii 
China.  On  August  3rd  it  would  have  been  in  conjunction  with  the  sun,  bnt  its  noKtiiffif 
latitude  being  considerable,  it  would  rise  some  time  before  it,  and  might  leaTe,  as  men- 
tioned, a  tail  40°  long.  Its  course  would  then  be  retrograde,  apparently  throng^  the 
constellations  of  Cancer,  Cemini,  Taurus,  and  Aries,  in  which  latter  sign  it  would  pro- 
bably be  Tisible  about  the  month  of  October.  There  is  sufficient  accoardanoe  ia  tbe 
aboYC  to  give  this  opinion  of  Pingrd*s  considerable  weight. 

989.  An  appearance  of  Halley's  comet  is  supposed  to  haye  occurred  in  the  sntomB 
of  this  year.  On  August  5th  it  was  seen  in  the  constellation  of  Gemini,  and  pnrscuBfi 
retrograde  direction,  it  passed  through  the  constellations  of  Leo  and  Cancer.  BureUurdk 
has  computed  an  orbit  from  the  rough  account  of  the  Chinese  annalist^  whieh  appesn 
in  our  table. 

1000.  A  comet  of  extraordinary  brilliancy  was  seen  this  year  for  nine  days;  M" 
there  appears  to  be  some  doubt  as  to  the  exact  period. 

1066.  In  the  April  of  this  year  the  Chinese  and  European  annalists  mention  that  i 
comet  of  great  brilliancy  was  seen.  It  was  supposed  to  be  the  forenumer  of  tbi  con- 
quest of  England  by  William  duke  of  Norman^.  The  orbit  has  been  compnted  bf 
Pingr^,  from  the  Chinese  annalists,  and  there  appears  a  strong  probability  of  its  idsBtitf 
with  that  of  1677. 

1097.  Although  the  comet  of  this  year  was  only  seen  for  a  yery  short  time  ^ 
Europe  only  fifteen  days),  it  is  remarkable  as  projecting  two  rays  or  tails,  which  wen 
directed  to  the  cast  and  south-east  rcspectiyely.  In  China,  on  October  6th  and  9th,  itstiii 
was  noted  as  being  respectively  30°  and  50°  in  length.  On  October  6th  it  was  seen  in 
China  near  a  and  fi  Libres.  On  October  16ih  it  was  seen  near  the  head  of  Hercnlek  It 
ceased  to  bo  yisible  in  China  on  October  25. 

1106.  A  great  and  fine  comet  was  seen  in  Palestine  on  February  7,  and  in  GSdmton 
February  10.  It  was  seen  on  February  7  in  Pisces.  Its  tail  was  similar  in  oc^our  tollie 
whiteness  of  snow.  Its  appearance  lasted  for  fifty  days.  In  China,  on  Febamaiy  10^ 
its  tail  was  CO''  in  length,  and  extended  from  Gemini  to  Orion.  During  its  e^parituni) 
it  traversed  the  path  from  the  end  of  Pisces  to  the  end  of  Taurus.  There  is  soma  simi- 
larity supposed  between  this  comet  and  that  of  1686. 
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1222.  In  the  months  of  Augnist  and  September  a  comet  of  extraordinary  magnitude, 
▼exy  red,  and  accompanied  with  a  great  tail,  was  seen.  In  China  it  was  observed  on 
September  10,  beneath  the  feet  of  the  Virgin,  Arcturus,  and  Berenices.  It  disappeared 
on  October  8. 

1231.  A  comet  was  seen  in  China,  on  February  6,  in  Cygnus;  its  magnitude  was 
equal  to  Saturn.  From  the  recorded  path,  Pingre  has  calculated  an  orbit,  which  appears 
in  our  table. 

1264.  A  great  and  celebrated  comet,  of  which  all  the  historians-  make  mention.  It 
is  supposed  to  be  identical  with  the  comets  of  975  and  1566.  It  was  visible  for  some 
Bumths— at  least  three,  probably  four.  Its  disappearance  occurred  the  same  day  as 
ihe  death  of  Pope  Urban  lY.,  or  on  October  3.  Pingr6  and  Ihinthome  have  calculated 
its  orbit. 

1265.  An  historian  mentions  that,  at  the  commencement  of  autumn  of  this  year,  a 
«omet  was  seen  with  a  long  tail,  which  commenced  to  shine  after  midnight. 

1266.  In  the  month  of  August  of  this  year  a  comet  was  visible  in  France.  It 
was  also  seen  at  Constantinople,  near  the  sign  of  Taurus ;  there  appears  some  doubt, 
liowever,  with  respect  to  this  last  account.  It  is  questionable  whether  the  comets  of 
1365  and  1266  be  not  identical. 

1299.  On  January  24  of  this  year  a  comet  was  seen  near  Columba.  It  was  visible 
tar  sixty-three  days.    Pingr6  has  deduced  its  orbit  from  all  the  observations. 

1301.  A  great  comet,  which  is  mentioned  by  the  Latin  historians  as  having  occurred 
lit  the  time  of  the  autumnal  equinox.  It  was  also  seen  in  China  for  forty-six  days, 
oommencing  with  September  16.  The  elements  deduced  by  Pingr6  are  very  uncertain, 
but  Mr.  Hind  is  of  opinion  that  this  is  identical  with  the  comet  of  Halley. 

1337.  At  the  simmier  solstice  a  comet  is  noted  as  having  occurred  about  the  time  of 
the  death  of  Frederic,  king  of  Sicily.  It  was  also  se^i  in  China.  The  European  his- 
torians give  its  duration  for  three  or  four  months. 

1337.  A  second  comet  was  seen  in  this  year,  but  it  was  not  observed  in  China. 
The  European  historians  mention  it  as  having  lasted  two  months. 

1351.  In  the  month  of  December  a  comet  was  seen  in  Cancer  in  the  east.  The 
account,  however,  is  obscure,  and  gives  its  position  with  uncertainty.  From  the  Chi- 
nese positions  of  November  24,  26,  29,  and  30,  Burckhardt  has  determined  the  time  of 
the  perihelion  passage  on  November,  26  days  12  hours. 

1362.  On  March  5  a  comet  was  seen  in  China,  near  the  constellation  of  a  Aquarius 
and  c  and  0  Pegasi.  It  disappeared  on  the  7th  of  April.  It  was  visible  in  Europe 
during  Lent  as  a  very  great  and  brilliant  star. 

1362.  On  June  29  this  comet  was  seen  in  China  for  forty  days.  Its  first  appear- 
ance was  in  Capricomua,  and  it  had  an  extensive  tail. 

1366.  On  August  26  a  comet  was  seen  in  China  in  Ursa  Major.  On  August  27  it 
was  visible  in  the  tail  of  Scorpio.  On  August  29  it  was  near  c  and  fi  Aquarius,  On 
August  30  it  was  near  jS  Aquarius  and  a  EquuleL 

1878.  On  the  22nd  of  September  of  this  year  a  comet  was  seen  in  China  to  pass 
over  the  stars  in  the  western  foot  of  Antinous.  It  was  also  seen  in  Europe.  On  Sep- 
tember 29  it  was  near  the  constellation  Ursa  Major,  between  Aries  and  Taurus.  (This 
it  cotainly  an  erro]>T— the  Great  Bear  is  not  near  these  constellations).  It  was  visible 
km  five  days,  and  its  motion  was  in  an  opposite  direction  to  the  apparent  diurnal  motion. 
This  is  an  appearance  of  Halley's  comet. 

138fi.  On  October  23  a  comet  was  seen  in  the  constellations  of  Leo  and  Tirgo,  to 
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the  south  of  the  constellation  Ursa  Major.  On  the  morning  of  October  SO,  it  was  seea 
near  x  Hydrse.  It  afterwards  passed  to  the  south  of  the  constcllationB  ^y  /«,  A,  u^  sadc 
Hydne.    The  tail  was  lO""  long. 

1402.  A  very  large  and  very  brilliant  comet,  which  commenced  to  appear  on  tiu 
first  day  of  Lent,  on  the  8th  day  of  February,  and  which  remained  to  the  beginmng  of 
March. 

1433.  At  Bologna  a  remarkable  and  brilliant  comet  was  seen,  which  appeared  bam. 
evening  to  morning.  It  lasted  more  than  a  month,  or  rather  less  than  three  momthi. 
Some  dated  its  first  appearance  on  October  12. 

1456.  A  return  of  the  celebrated  comet  of  Halley.  It  is  represented  by  all  tiis 
historians  as  being  grand,  terrible,  and  of  extraordinary  magnitude,  with  a  tail  equiTt- 
lent  in  extent  to  66^  But  the  extent  of  this  appendage  was  fleeting  and  nno^tsin, 
varying  to  only  7"*.    The  period  of  its  durability  was  about  one  month. 

1457.  In  the  month  of  June  of  this  year  a  comet  was  seen  in  Pisoeti.  Its  body 
was  small.  Its  tail,  at  first  very  long  ,was  equal  to  15"  of  a  great  circle.  The  colour  of 
the  comet  was  of  the  appearance  of  lead. 

1468.  The  second  comet  of  this  year,  which  appeared  in  September,  October,  and 
November.  It  was  seen  at  first  in  Leo,  near  the  tail  of  Leo.  Its  colour  was  blue,  wi& 
some  mixture  of  paleness.    It  was  a  very  small  body. 

1472.  In  the  month  of  December,  1471,  a  fine  comet  was  discovered  in  China.  At 
Japan  it  was  observed  on  the  9th  of  January,  1472,  where  it  is  described  as  being  vezy 
great,  its  tail  being  equal  in  length  to  a  street.  In  Europe  it  appears  to  have  been  fint 
seen  about  Christmas— at  first  small,  but  afterwards  very  large.  The  greater  number  of 
historians  represent  it  as  very  fine,  and  as  altogether  fearful. 

1490.  At  the  commencement  of  this  year  a  great  comet,  with  a  very  white  and 
very  long  tail,  was  seen.  It  was  visible  at  Bologna  about  the  middle  of  February.  Its 
head  was  small,  and  its  tail  long,  but  of  little  brightness.  Plngre  makes  the  year 
of  this  appearance  to  be  1491,  but  another  was  seen  in  China  in  January,  1491,  in 
Cygnus,  which  cannot  be  reconciled  with  the  European  observations. 

1506.  In  the  month  of  August  of  this  year  a  comet  was  visible  with  a  long  and 
bright  tail,  which  extended  between  the  stars  of  Ursa  Major.  It  was  observed  in  China 
and  Japan,  and  appeared  for  a  period  of  eighteen  or  twenty  days. 

1531.  On  July  31,  the  comet  of  Halley  again  made  its  appearance  in  Europe.  In 
China  and  Japan  it  was  seen  on  the  13th  of  July.  Apian,  astronomer  at  Ingoldstadt^ 
observed  it  from  August  13  to  August  23,  from  which  observations,  however  rude  and 
imperfect,  Halley  has  computed  elements.  Apian  also  observed  that  the  tail  was 
always  directed  from  the  sun.  It  appears,  from  the  Chinese  observations,  that  the  train 
was  7''  in  extent,  and  that  the  comet  was  visible  for  thirty-four  days. 

1532.  A  comet  was  visible  this  year,  which  is  supposed  to  be  identical  with  that  of 
1661.  The  orbit  has  been  deduced  from  Apian's  observations,  which,  as  in  the  preced- 
ing case,  are  not  much  worthy  of  confidence.  Its  head  appeared  constantly  in  the 
morning  before  the  sun,  and  was  three  times  larger  than  Jupiter.  Its  duration  was 
about  seventy  days.  According  to  the  Chinese  accounts,  it  was  visible  altogether  fiv 
115  days,  and  its  tail  varied  from  1°  to  10°  in  extent. 

1533.  A  comet  appeared  this  year  about  the  middle  of  June.  It  was  seen  in  the 
summer  solstice  in  Taurus,  with  a  very  long  toil.  Its  appearance  is  generally  dated 
at  the  end  of  June,  and  it  was  seen  to  the  first  days  of  September. 

1556.  This  is  the  celebrated  comet  whose  return  is  so  anxiously  expected.     It  began 
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to  appear  about  the  end  of  February,  at  which  time  it  equalled  in  magnitude  one-half 
of  the  full  moon.  Its  tail,  however,  was  short  and  Tariable.  It  was  not  more  at  the 
greatest  than  4*^  in  length,  and  its  flickering  nature  resembled  much  a  flame  agitated  by 
the  wind.  The  comet  disappeared  altogether  on  the  23d  of  April,  near  the  chain  of 
CassiopesB,  after  haying  been  seen  for  many  days ;  but  its  brightness  being  efiaced  by 
the  rays  of  the  sun,  which  it  was  very  near.  It  created  great  terror  in  the  mind  of 
Charles  Y. 

1558.  This  comet  appeared  on  July  14  in  Leo.  It  disappeared  on  August  24  and 
25,  apparently  behind  the  clouds.  It  was  at  first  not  brilliant,  but  its  brightness  in- 
ereased  in  the  latter  part  of  its  appearance. 

1569.  In  the  November  of  this  year  a  comet  was  seen  in  Serpentarius,  and  in  the 
signs  of  Sagittarius  and  Oapricornus.  Its  motion  in  longitude  equalled  the  extent  of 
these  two  signs.  The  comet  was  discovered  in  November,  and  its  tail  was  directed 
towards  the  east. 

1577.  A  great  comet,  which  was  discovered  at  Peru  on  November  1.  It  was  seen 
in  Europe  by  Tycho  on  November  13,  at  TJraniberg,  in  the  island  of  Ho^ne  ;  on  this  day 
he  estimated  the  diameter  of  the  head  to  be  7',  and  the  length  of  its  tail  22° ;  the  head 
was  white,  but  less  bright  than  the  fixed  stars.  It  was  observed  to  January  26  of  the 
following  year. 

1580.  This  comet  was  discovered  at  Tubingen,  by  Mestlim,  on  October  2.  Tycho 
discovered  it  on  the  10th  of  the  same  month,  and  his  observations  have  been  used  by 
Hngr6  in  calculating  the  orbit.  Tycho  notes  that  the  diameter  of  the  head  was  8',  its 
light  faint,  its  colour  livid,  and  its  tail  difficult  to  be  distinguished.  Dr.  Halley's  orbit 
▼as  based  on  the  uncertain  observations  of  Mestlim.  Tycho  observed  the  comet  to 
December  12. 

1582.  The  second  comet  of  this  year,  which  was  seen  for  only  fifteen  days  at  the 
longest.  Tycho  discovered  the  comet,  and  observed  it  at  TJraniburg  from  May  12  to 
May  18.  On  May  17,  the  magnitude  of  the  head  was  scarcely  equal  to  stars  of  the 
fourth  magnitude.  Its  tail  was  more  than  3^  long,  and  very  faint  Pingre  computed  two 
orbits  from  Tycbo's  observations,  which  are  both  necessarily  uncertain.  j 

1585.  This  comet  was  discovered  by  the  Landgrave  of  Hesse,  and  Kothmaun,  his  i 
astronomer,  on  October  18,  and  afterwards  observed  by  Tycho  to  November  22.  At  I 
its  first  appearance  it  equalled  Jupiter  in  magnitude,  but  of  less  brightness.  This  comet  ] 
had  neither  coma  nor  tail  | 

1590.  This  comet  was  discovered  on  March  5  by  Tycho,  and  observed  to  March  16.    ! 
It  is  noted  as  being  of  a  medium  magnitude ;  but  it  had  a  great  tail,  which  extended  to    i 
the  zenith.    On  the  day  of  its  discovery  the  comet  appeared  as  a  star  of  the  second    j 
magnitude,  and  shortly  afterwards,  on  the  same  night,  of  the  first  magnitude.     Its 
brightness,  however,  was  not  so  great  as  stars  of  this  description. 

1593.  This  comet,  which  escaped  entirely  Tycho' s  scrutiny  and  observations,  was 
discovered  by  his  pupil,  De  Ripen,  at  Zerbst,  in  Anhault.  On  August  4,  it  was  noted 
as  being  of  a  livid  and  reddish  colour ;  its  head  equalled  in  magnitude  stars  of  the  third 
daas,  with  a  tail  4  J°  in  length.  On  August  9,  it  was  equal  in  brightness  to  stars  of  the 
fourth  magnitude,  and  a  very  slight  vestige  of  a  tail  could  be  perceived. 

15.96.  This  comet  appears  to  have  been  discovered  on  July  11,  and  observed  to  the 
12th  of  August.  Its  colour  was  feeble  and  pale,  with  a  tail  small,  fleeting,  and  unde- 
fined.   Yalz  considered  that  this  comet  was  identical  with  that  of  1845. 

1607.  The  third  apparition  of  Halley's  comet,  as  ascertained  by  the  elements,  which, 
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how-rrer,  are  not  coniidered  so  aocurate  as  could  be  wished.  It  was  obaenred  'bj  KepSer 
in  Pragoe,  by  Langemontanus  in  Copenhegen,  and  Mahue  in  Scania.  Beoaera  onbit 
is  deduced  from  the  observations  of  the  English  astrooomcr  Harriott. 

16  IS.  The  first  oomet  of  this  year  was  discovered  at  Gascfaan,  in  Hungary,  es. 
August  26,  and  observed  by  Kepler  from  September  1  to  September  2& 

161&  The  second  comet  of  this  year  was  diseorered  at  Siksia,  on  JS^Tenaber  M^ 
and  at  Borne  on  the  same  day.  At  Ispahan,  in  Persia,  the  Spanish  ambaaaadar  wmr 
this  cemet  for  the  space  of  fifteen  or  sixteen  days,  commenekig  witii  November  10^  two 
hours  befi>re  the  rising  of  the  sun.  The  length  of  its  tail  equalled  in  extent  fmm'wMk 
part  of  the  zodiac.  On  November  18,  the  Jesuits  at  the  Boman  GoUege  noted  Urn 
extent  of  the  tail  to  be  40\ 

1647.  Seen  in  Prussia  on  September  29,  soon  after  the  setting  of  th*  sim.  Tbsa 
oomet  was  smaQ,  and  remained  visible  for  a  very  short  time. 

1652.  This  comet,  which  was  of  a  pale  and  livid  colour,  almost  equalled  tlieaosK 
in  magnitude,  according  to  Hevelius  and  De  Caniers.  It  was  observed  by  many  astro- 
nomers, but,  with  the  exception  of  those  by  Hevelius  at  Dantzic,  the  obeervmtiooa  aie 
very  rough.    Dr.  Halley  has  computed  his  orbit  from  the  obeervations  of  Hevelius. 

1661.  This  comet,  which  was  considered  at  first  to  be  a  return  of  the  comet  of  1532^ 
was  discovered  by  Hevelius  from  February  3  to  March  10.  On  these  obsenrationB  Dr* 
Halley  has  calculated  its  orbit ;  but  no  body,  which  bears  any  si  molarity  to  these 
elements,  was  observed  in  1789  or  1790. 

1664.  This  eomet  appears  to  have  been  discovered  on  November  17,  in  Spain.  R 
was  observed  by  Huygens  on  December  2,  and  by  Hevelius  on  December  14.  The 
observations  were  continued  by  Hevelius  to  February  18  of  1666.  At  itsfiratafpWP 
ance  it  was  noted  as  large  as  a  star  of  the  first  magnitude,  but  not  so  bright.  ThelMgA 
of  the  tail  was  from  5°  or  6^  to  10°. 

1665.  This  comet  was  seen  at  Aix  on  March  27.  From  the  observations  of  Heve- 
lius, from  April  6  to  April  20,  Dr.  Halley  ha^  calculated  its  orbit. 

1668.  This  comet,  of  which  the  tail  appears  to  have  been  only  seen  st  Bologaa, 
was  observed  principally  in  the  southern  hemisphere.  There  appears  to  be  some  nni- 
liuity  of  elements  witb  the  comet  of  1843. 

1672.  This  comet  was  observed  by  Hevelius  at  Dantzic  on  March  2,  and  seen  by  to 
till  April  21.  On  these  data  Dr.  Halley  has  computed  his  orbit.  The  comet  was 
small,  having  a  train  only  1°  or  1  J"*  in  length. 

1676.  Father  Fontenay,  of  the  Society  of  tlie  Jesuits,  observed  a  eomet  at  Nantes  on 
the  14th  of  February.  It  was  visible  to  March  9,  and  was  equal  to  stars  of  the  third 
magnitude.    This  comet  had  no  tail. 

1677.  This  comet  was  discovered  at  Dantzic,  on  April  2T,  by  HeveEus.  Itw« 
observed  to  the  8th  of  May,  and  it  is  on  these  observations  Dr.  Halley  has  calculated 
his  orbit.  The  magnitude  of  this  body  was  equal  to  Jupiter,  and  it  had  a  tadl  about  2° 
in  length. 

1678.  La  Hire  discovered  this  comet  on  September  11,  and  observed  it  to  October  7. 
The  orbit,  however,  deduced  by  Dawes  is  very  rough,  principally  in  consequence  of 
the  uncertainty  of  the  observations. 

1680.  This  great  and  celebrated  comet  was  discovered  by  a  person  whose  -name 

is  unknown,  at  Coburg  in  Saxony,  on  November  4.    It  was  independently  discovered  l>y 

Godfrey  Kirch,  on  the  14th  of  November,  while  about  to  observe  the  Moon  and  Mais. 

Flamsteed,  at  Greenwich,  saw  the  comet  on  \V^  1^i^ik  ot  D^dember,  and  observed  it  to 
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the  15th  of  Febraaxy,  1681.    The  leng^th  of  the  tail  on  December  16  was  70°.     Sereral 
eHiptic  orbits  hare  been  caleolatcd  of  this  comet 

1682.  Bailey's  comet.  It  was  first  obsenred  at  Paris  by  Picard  and  La  Hire,  on 
August  26,  and  last  observed  by  Flamsteed  on  September  19.  Its  head  was  2'  in  dia- 
meter, and  tile  length  of  the  tail  raried  from  12*  to  15*. 

1683.  Herelius  obserred  this  comet  at  1>antzic  from  tibe  30th  of  July  to  the  4th  of 
September.  Clausen's  Elliptic  Elements,  from  FTamsteed's  observations,  give  its 
period  as  190  years.  Its  nucleus  was  equal  to  a  star  of  the  fourth  magnitude,  with  a 
tail  varying  firom  2°  to  4**.  Z 

1684.  This  comet  was  discovered  by  Bianchini,  at  Rome.  It  was  observed  from 
July  1  to  July  17  ;  on  which  observations  Halley  has  calculated  its  orbiL 

1686.  In  the  August  of  this  year  a  comet  was  visible  at  Para,  in  Brazil,  during 
Hie  whole  month.  Its  head  equalled  stars  of  the  first  magnitude,  and  its  tail  was  18* 
in  length. 

1689.  This  comet  was  discovered  at  Pekin  on  the  11th  of  December.  It  was  not 
seen  at  all  Jn  Europe.  On  December  11,  the  part  visible  of  the  tail  was  from  10*  to 
IS*;  In  the  southern  hemisphere  it  was  regularly  observed,  and  its  tail  at  the 
greatest  was  60**  long. 

1695.  This  comet  was  almost  obscured  by  the  atmosphere  or  coma  by  which  it 
was  surrounded,  so  that  the  nucleus  was  scarcely  distinguishable.  It  was  seen  in  the 
southern  hemisphere  in  the  Brazils  by  Father  Jacob,  a  French  Jesuit,  on  October  28. 
The  length  of  the  tail  was  then  18*. 

;[1698.  The  orbit  of  this  comet  is  very  uncertain,  in  consequence  of  the  roughness  of 
tiie  observations.  Cassini  discovered  it  at  Paris,  in  the  beginning  of  September,  in 
the  constellation  Cassiopeia.  La  Hire  observed  it  to  September  28.  Tliis  comet  was 
only  seen  at  Paris,  and  was  not  larger  than  a  star  of  the  third  magnitude. 

1699.  Discovered  at  Pekin,  by  Father  de  Fontenay,  on  February  17,  and  observed 
to  February  26.    It  was  seen  at  Paris  from  February  20  to  March  2. 

1701.  This  comet  was  discovered  at  Pau,  by  Father  Palla,  from  October  28  to 
Ifovember  1.  It  was  a  small  body  without  tail,  which  diminished  sensibly  in 
magnitude. 

1702.  This  comet,  which  was  the  second  discovered  this  year,  was  observed  from 
April  20  to  May  5,  at  Paris,  Rome,  and  Berlin.  The  orbit  is  uncertain,  in  consequence 
of  the  roughness  of  the  observations.  This  comet  was  compared  to  a  nebulous  star  on 
April  20. 

1706.  Observed  at  Paris  by  Cassini  and  Maraldi,  from  March  18  to  April  16.  This 
comet  was  also  similar  in  appearance  to  a  nebulous  star. 

1707.  This  comet  appears  to  have  been  discovered  at  Bologna  on  November  25,  and 
observed  to  January  23  of  the  following  year.  Of  all  known  comets,  this  body  has 
the  greatest  inclination.  Viewed  with  a  telescope,  it  appeared  to  be  nebulous,  and  of 
the  second  magnitude. 

171«.  This  comet  was  observed  at  Berlin  by  Kirch,  from  January  1 8  to  February  5. 
It  appeared  to  bo  equal  to  a  star  of  the  fourth  or  fifth  magnitude,  with  a  nebulous 
diameter  of  5'  or  T. 

1728.  Discovered  at  Bombay  on  October  12,  and  observed  at  Lisbon  and  other 
European  stations  to  the  middle  of  December,  It  appeared  of  about  the  thYt^TCL^^gd- 
tade,  with  a  very  fkint  tail,  not  more  than  1*  in  length. 

1729.  7bj0  comet,  which  ia  remarkable  in  the  IcnglTi  o£  \ta  V\b^NX\\:^^  \ixA^^ 
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greatness  of  its  distance  from  the  sun  and  earth,  was  discorered  at  Nimea,  bj  P. 
Sarabat,  on  July  31.    It  was  a  small  nebulous  body,  scarcely  Yiaible  to  the  naked  eye. 

1737.  The  observations  of  this  comet  were  made  at  Paris,  Borne,  Bologna,  Oxford, 
Lisbon,  and  also  in  Jamaica  and  Madras. 

1739.  This  comet  was  obsenred  at  Bologna,  from  May  28  to  August  18. 

1742.  First  comet.  Seen  at  the  Cape  of  Good  Hope  on  February  5.  It  was  also  seen 
in  Europe  in  March,  and  was  yisible  to  the  naked  eye.  The  length  of  the  tail  was  ff 
to  8°. 

1743.  First  comet.  This  comet  was  observed  at  Bologna,  PariSy  Tiemia  and 
Berlin.  In  Berlin,  it  appears  to  haye  been  discovered  on  February  10,  by  H.  Giischon. 
It  was  a  small  body. 

1743.  Second  comet.  Observed  at  Harlem  from  the  18th  of  August  to  the  13th  of 
September.  This  comet  was  small,  but  was  seen,  notwithstanding,  with  the  naked 
eye. 

1744.  This  comet  appears  to  have  been  discovered  at  Harlem  on  December  9, 1743, 
and  was  observed  to  March,  1744,  at  several  observatories.  It  was  one  of  the  finest 
bodies  which  had  occurred  since  the  comet  of  1680.  In  February,  M.  Caaaini  noticed 
that  the  head  was  divided  into  two  portions.  The  tail  was  also  divided  shortly  after 
into  two  branches. 

1747.  Discovered  at  Laussaune,  by  Cheseaux,  on  the  13th  of  August,  1746,  and 
observed  there  to  September  22.    His  observations  were  then  interrupted  by  illness,  ' 
but  it  was  last  seen  on  the  23rd  of  November  near  a  star  in  Capricomus. 

1748.  The  first  comet  of  this  year  was  discovered  at  Paris  about  the  latter  end  of 
April.  It  was  also  observed  in  South  America,  and  in  Pekin  in  China,  as  well  as  the 
Boyal  Observatory,  Greenwich.  It  appears  to  have  been  a  fine  object,  easily  seen  with 
the  naked  eye,  and  having  a  tail  20°  long.  This  comet  was  observed  at  Paris  by 
Maraldi  to  the  30th  of  June. 

1748.  The  second  comet  of  this  year  was  seen  at  the  some  time  as  the  first,  but  in 
a  different  part  of  the  heavens.  Its  nucleus  was  brighter  than  the  preceding,  but  there 
was  no  appearance  of  tail.  The  orbit  depends  on  three  approximate  observations  made 
at  Harlem,  and  is  consequently  very  uncertain. 

1757.  Observed  at  Greenwich  from  September  13  to  October  18.  The  orbit  of  this 
comet  is  very  approximate. 

1758.  Discovered  in  the  island  of  Bourbon  on  the  26th  of  May,  and  seen  in  London 
on  June  18.  Messier  first  observed  the  comet  on  August  15,  and  continued  his 
observations  to  the  2nd  of  November.  It  appears  to  have  been  a  difi^ised  body,  equal  in 
diameter  to  Jupiter. 

1759.  Halley's  comet,  first  seen  on  Christmas  day,  1758,  by  Pazlitch,  near  Dresden, 
and  on  the  28th  by  Dr.  Hofl&nann.  This  return  is  very  celebrated  in  the  history  of 
astronomy,  as  being  the  first  predicted  appearance  of  the  apparition  of  a  comet.  Dr. 
Halley  roughly  estimated  that  the  time  of  arriving  at  its  perihelion  would  be  at  least 
one  year  longer  than  the  interval  between  the  two  preceding  returns.  Clairaut,  by  a 
laborious  calculation  of  the  planetary  perturbations,  fixed  its  return  on  the  13th  of 
April,  the  true  time  having  been  determined  by  Rosenberger,  from  a  minute  discussion 
of  all  the  observations,  to  have  taken  place  on  Mai'ch  12.  From  the  beginning  of  1759 
to  the  middle  of  February,  the  comet  was  regularly  observed,  till  it  became  plunged  in 
the  solar  rays  about  the  latter  period.  On  its  reappearance  at  the  end  of  Maroh,  it  was 
again  observed  to  the  17th  of  April,  till  its  declination  became  too  great  to  pennit  its 
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observation  at  European  stations.  It  was  observed,  however,  from  the  20th  of  April  to 
the  middle  of  May  in  southern  stations.  La  Nux,  at  the  Isle  of  Bourbon,  found  the 
length  of  its  tail  on  March  21  to  be  S° ;  on  the  28th  of  March,  26° ;  on  May  1,  33'  to  34° ; 
and  on  the  5th  of  May,  47°.  It  afterwards  diminished,  till  on  the  14th  of  May  it  was 
not  more  than  19°.  It  afterwards  reappeared  above  the  European  horizon,  and  was 
observed  in  France  and  Portugal  to  the  8rd  of  June. 

1759.  The  second  comet  of  this  year  is  reckoned  in  the  order  of  its  time  of  perihelion 
passage.  It  was  discovered  on  the  25th  of  January,  1760,  in  the  constellation  Leo, 
by  the  celebrated  astronomer  Messier,  and  regularly  observed  to  the  16th  of  March. 

1759.  The  third  comet  of  this  year  (reckoning,  as  before,  in  the  order  of  perihelion 
passage),  was  discovered  on  the  1st  January  1760,  by  all  the  astronomers  of  the  French 
Academy,  and  observed  till  the  8th  of  February.  Its  motion  was  exceedingly  rapid, 
being,  on  the  day  of  its  discovery,  2°  25'  of  a  great  circle  in  two  hours,  or  at  the  rate  of 
29"  daily.  The  diameter  of  the  nebulosity  was  found  to  vary  from  20"  to  30".  Its  tail 
was  about  4°  in  length. 

1762.  This  comet  was  discovered  by  Klinkenberg  on  the  I7th  of  May,  and  observed 
by  Messier  and  Maraldi  to  the  2nd  of  July.  Its  appearance  at  the  time  of  its  discovery 
was  similar  to  a  star  of  the  foiirth  or  fifth  magnitude,  with  a  slight  tail.  The  nucleus 
was  readily  visible  to  the  naked  eye,  but  in  a  telescope  was  bright  and  ill-defined. 

1763.  Discovered  by  Messier  on  September  28,  and  observed  to  the  25thof  Novem-. 
ber.  Its  appearance  was  that  of  a  nebulous  star.  On  the  4th  of  October,  its  diameter 
was  7'  or  8'.  The  orbit  of  this  comet  gave  Pingr6  considerable  trouble.  That  of  Burck- 
hardt  is  founded  on  unpublished  observations. 

1764.  This  comet  was  also  discovered  by  Messier,  and  observed  by  him  from 
January  3  to  February  11.  It  was  a  bright  nebulous  object,  visible  to  the  naked  eye, 
with  a  tail  2  J°  in  length. 

1766.  Discovered  by  Messier  on  the  8th  of  March,  when  looking  for  the  supposed 
satellite  of  Venus,  which  had  created  great  sensation  about  this  period.  It  appeared  as 
a  small  nebulosity,  with  a  luminous  centre. 

1766.  Second  comet.  This  comet  appears  to  have  been  discovered  by  Helfen- 
zriella,  of  Dillingen,  in  Suabia,  on  the  Ist  of  April.  On  Apnl  9,  it  presented  a  tail 
from  3''  to  4°,  its  nucleus  being  similar  to  a  star  of  the  fourth  magnitude.  Pingr^ 
supposed  that  it  would  be  visible  after  the  perihelion  passage,  which  proved  to  be  the 
case  ;  but  not,  however,  in  European  latitudes.  La  Nux  observed  it  in  the  Isle  of 
Bourl>on,  from  April  29  to  May  13. 

1769.  This  remarkable  comet  was  discovered  by  Messier,  on  the  8th  of  August, 
and  observed  by  nearly  all  the  astronomers.  La  Nux  observed  it  at  the  Isle  of  Bourbon, 
from  August  26  to  September  26.  On  September  11,  he  found  its  tail  by  measure- 
ment 97°  long.  Pingr6,  the  same  day,  measured  its  length  to  be  90°.  On  August 
28,  Dr.  Maskelyne  noticed  its  tail  as  7°  ;  Messier  as  15° ;  La  Nux  and  Pingr6  as  19° 
to  20".  On  September  9,  Dr.  Maskelyne  estimated  its  length  43° ;  Messier  as  55° ; 
La  Nux  upwards  of  60 ;  and  Pingrd  as  75°.  This  comet  was  also  observed  after  its 
perihelion  passage,  from  October  24  to  the  1st  of  December. 

1770.  First  comet.  Messier  discovered  this  comet  on  the  14th  of  June,  and 
observed  it  regularly  to  the  2nd  of  October.  This  comet  is  celebrated  for  the  trouble 
it  has  successively  given  astronomers  in  the  attempts  to  investigate  its  orbit. 
Leverrier  has  recently  determined  its  period  to  5*6  years  nearly,  but  it  has  never 
been  observed  since  the  time  of  its  discovery. 
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1770.  Second  oomet  This  comet  appeared  in  1771,  on  the  10th  of  January  of 
whieh  year  it  was  seen  at  Paris  by  Messier,  and  at  Milan  by  Boscovioii.  It  apg^ean, 
howeyer,  to  have  been  discoyered  by  La  Nuz,  at  the  Isle  of  Bouxboo,  on  January  S. 

1771.  Messier  discoyered  this  oomet  on  the  Ist  of  April,  and  obaerred  it  to  June  Id. 
It  was  also  observed  by  Dr.  Maskelyne,  at  Greenwich,  from  April  14  to  May  30. 
Its  appearance  was  similar  in  brightness  to  a  star  of  the  third  magnitude,  with  a 
train  yarying  in  length  from  1°  to  3°.  The  orbit  is  supposed,  with  some  probability, 
to  be  hyperbolic. 

1772.  JBitla'8  Comet. — This  body,  of  which  there  is  no  doubt  as  to  its  identity  widi 
the  comot  of  Gomburt,  or  Biola,  was  discoyered  by  Montague,  at  Lemogcs,  on  the  8th 
of  March.  Messier  obseryed  it  on  three  occasions,  on  March  27,  March.  30,  and 
ApdlS. 

1773.  Discoyered  by  Messier  on  the  12th  of  October,  and  obaeryed  to  the  14th  cf 
April,  1774.    It  was  with  difficulty  scon  by  the  naked  eye. 

1774.  Montague  discoyered  this  comet  on  the  11th  of  August,  at  Lcmoges.  This 
was  a  small  body,  not  yisible  to  the  naked  eye. 

1779.  The  small  comet  of  this  year  was  discoyered  by  Bode,  onJanuary  €,  Mi 
Berlin,  and  independently  by  Messier  on  January  18,  who  obseryed  it  to  the  l7ik 
of  May. 

1780.  First  comet.    This  comet  was  discoyered  by  Messier,  on  October  26. 

1780.  Second  Comet.  This  was  discoyered  by  Montague  at  Lemoges,  on  Octohff 
18.    It  was  also  seen  by  Olbers,  on  the  same  day. 

1781.  First  comet.  This  small  comet,  which  was  not  yisible  to  the  naked  eye,  w» 
diBooyered  by  Mechain  on  the  28th  of  June.  It  had  no  tail.  The  diameter  of  th« 
nebul  '>sity  did  not  exceed  3'  or  4'. 

1781.  Second  comet,  discoyered  by  Mechain  on  the  9th  of  October,  and  obseryed  t» 
December  25.  On  l^oyember  9  it  was  yisible  to  the  naked  eye,  the  nebulosil^-  being 
4'  or  5'  in  diameter,  and  its  tail  3°  or  4°  in  length. 

1783.  Discoyered  by  Pigott  at  York  on  Noyember  19,  as  a  small  faint  bodj,  witb 
difficulty  bearing  any  illumination  of  the  telescope.  There  is  little  doubt  as  to  the 
eUipticity  of  its  orbit,  the  period  yarying  from  fiye  years  and  ten  jeax8,in  Boxckhardfj 
two  orbit*. 

1784.  La  Nuz  first  obseryed  this  comet  on  the  15th  of  December,  1783,  at  the  IiU  > 
of  Bourbon.  At  Paris,  iu  the  month  of  January,  1784,  it  was  yisible  to  the  naked  ^e^  i 
with  a  tail  from  2**  to  3°  in  length.  | 

1785.  First  comet  discoyered  by  Messier  and  Mechain  on  the  7th  oilwavaaj.  It  J 
was  inyisible  to  the  naked  eye.  i 

1785.  Second  comet  discovered  by  Mechain  on  the  11th  of  March,  and  obseryed  to 
the  7th  of  April.    On  April  4,  the  nucleus  was  yisible  to  the  naked  eye,  with  a  tail  5°  | 
in  length.  | 

1786.  First  comet.  This  is  a  well-ascertained  appearance  of  Encke's  comet,  whick  j 
was  discoyered  by  Mechain  on  January  17,  and  only  obseryed  on  two  occasions.  | 

1786.  Second  comet.    This  body  was  discoyered  at  Slough  on  the  1st  of  August      I 

1787.  This  oomet  was  discoyered  by  Mechain  on  the  10th  of  April.  It  wafi:a  small  | 
luminous  body,  only  visible  in  a  telescope.  j 

1788.  First  comet.  This  comet,  which  at  its  first  appearance  was  not  yisible  to  the  | 
unaided  vision,  was  discovered  by  Messier  on  November  25.  Its  brightness  increased  j 
BO  much  that  it  was  visible  to  the  naked  eye  on  November  30.    It  appeared  with  a  | 
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train  2°  or  3**  in  length.  The  last  observation  was  on  December  29,  when  the  eomet 
had  diminished  oonsiderably  in  brightness. 

1788.  Second  oomet.  This  was  discovered  by  Miss  CaroluM  Herschel  on  Decem- 
ber 21.  It  was  a  small  telescopic  body,  presenting,  at  its  first  appearance,  a  nebulosity 
of  fire  or  six  minutes  in  diameter. 

1790.  First  comet  Discovered  by  Miss  Herschel  on  January  7.  This  was  also  a 
nebulous  body,  only  visible  by  the  help  of  a  telescope,  and  of  a  diameter  equal  to  about 
five  or  six  minutes  of  arc. 

1790.  Second  comet.  Discovered  by  Mechain  on  January  9.  It  appears  to  have  been 
naarly  similar  to  the  preceding,  and  visible  at  the  same  time. 

1790.  Third  comet.  This  was  discovered  by  Miss  Herschel  on  the  18tii  of  April. 
It  was  observed  by  Messier  from  the  1st  of  May  to  the  29th  of  Jnne.  Its  brightness 
on  the  I7th  of  May  was  so  great  that  it  was  visible  to  the  naked  eye  ;  the  length  of  the 
tail  varied  from  2°  to  4°. 

1792.  Pirst  comet.  Discovered  by  Miss  Herschel  on  the  15th  of  December,  1791.  It 
was  a  faint  nebulous  body. 

1792.  Second  comet.  Discovered  by  the  Eev.  E.  Gregory  on  the  evening  o€  January 
8y  179S.    It  was  a  dull  nebulous  body,  with  a  faint  appearance  of  tail. 

1795.  First  comet.     Discovered  by  Messier  or  Mechain  on  the  27tli  of  September. 

1795.  Second  comet.  Discovered  by  Peray  on  September  24.  Miss  Herschel  detected 
it  on  the  7th  of  October.  Burckhardt  estimated  its  period  to  be  twelve  years,  which, 
from  a  revision  of  the  elements  by  D' Arrest,  is  improbable.  The  latter  astronomer 
mikes  its  period  to  be  422  years. 

1795.  Encke's  comet.  Discovered  by  Miss  Herschel  on  November  7,  and  observed 
by  Dr.  Maskelyne,  aod  other  astronomers,  to  the  end  of  the  month.  It  was  a  round, 
lE-defbed  body,  without  a  nucleus. 

1796.  This  comet  was  discovered  by  Olbers  on  March  31.  It  was  a  very  faint  body, 
aai,  would  be^  no  illumination  of  the  field. 

1797.  This  comet  was  discovered  by  Bouvard  on  August  14.  It  was  a  nebulous 
bo^y  from  3'  to  5'  in  diameter. 

1798.  First  comet.    Discovered  by  Messier  on  April  12. 

1798.  Second  comet.  Discovered  by  Bouvard  on  December  6.  It  was  a  faint  body, 
with  a  slight  increase  of  light  in  the  centre. 

1799.  First  comet  This  body  was  discovered  by  Mechain  on  August  7,  and 
Tiaibla  to  October.  It  was  very  faint  when  first  seen ;  but  at  the  end  of  August  it 
WBs  vialble  to  the  naked  eye,  with  a  tail  about  1°  in  length. 

1799.  Second  comet.  Discovered  by  Mechain  on  December  26;  it  was  visible  to 
the  naked  eye  as  a  star  of  the  fourth  or  fifth  magnitude.  It  had  a  tail  fnaa  1^  to  3°  in 
length. 

1801.  Discovered  by  Eeissig,  jun.,  of  Cassel,  on  June  30,  and  observed  by  Messier 
to  July  23.    It  was  a  small  body. 

1802.  Discovered  by  Pons,  at  Marseilles,  on  August  26 ;  it  was  not  visible  to  the 
naked  eye. 

1804.  This  comet,  which  had  neither  nucleus  nor  tail,  was  discovered  by  Pons  on 
March  7.     It  was  seen  the  last  time  on  the  1st  of  April. 

1805.  (1)  Encke's  comet.  It  was  visible  to  the  naked  eye,  and  much  resembled 
the  nebula  in  Andromeda.  It  was  discovered  by  Thulis,  of  Marseilles,  on  October  19. 
One  observer  mentions  its  tail  as  being  3°  in  length.  \^ 
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1805.  (2)  Biela's  comet.  Discovered  by  Pons,  on  November  10,  as  a  very  faint 
body,  the  nebulosity  scarcely  bearing  the  slightest  illumination  of  the  field. 

1806.  Discovered  by  Pons  on  the  lOlh  of  November.  The  coma  was  from  5'  to 
T  in  diameter. 

1807.  Discovered  by  Pons  on  September  20  ;  but  it  appears  to  have  been  first  seen 
eight  days  previously  by  an  Augustin^  monk  in  Italy.  This  was  the  finest  comet  that 
had  appeared  since  1769.  On  the  30th  of  September,  the  nucleus  was  equal  to  a  star 
of  the  first  magnitude.  Olbers,  on  November  7,  noted  the  division  of  the  tail  into  two 
branches. 

1808.  (II.)  Discovered  by  Pons,  in  Camelopardalus,  on  March  25,  and  observed  to 
the  2nd  of  April. 

1810.  Discovered  by  Pons  on  the  22nd  of  August,  and  observed  to  October  8.  It  was 
a  faint  and  small  round  nebulous  body. 

1811.  The  great  comet  of  this  year,  which  was  first  discovered  by  Flangergnes  on 
March  25,  and  visible  to  the  end  of  October.    This  is  a  most  remarkable  body. 

1811.  The  great  comet  of  this  year,  remarkable  in  several  particulars,  was  disco- 
vered by  Flangergues  at  Vivieres,  on  the  26th  of  March,  and  observed  to  August  17th, 
1812.  From  the  laborious  investigations  of  Argelander,  its  orbit  was  found  to  be  ellip- 
tical, the  period  being  3065  years.  This  comet,  in  addition  to  its  magnitude  and  the 
remarkable  duration  of  its  visibility,  presented,  on  September  7,  a  tail  bent  off  in  two 
branches ;  but  these  branches  did  not  proceed  from  the  comet  itself,  but  were  hung 
together  at  a  slight  distance  from  it,  and  separated  from,  it  by  a  dark  interval,  so  that 
they  enclosed  the  comet  as  a  parabola  does  its  focus.  At  this  period  its  tail  was  5*  in 
length.  On  September  20,  Bode  found  the  length  of  the  tail  to  be  10*.  On  October 
11,  the  tail  was  about  13°  long;  the  diameter  of  the  nebulosity  being  1' 20".  Its 
maximum  length  appears  to  have  occurred  in  the  first  week  of  October,  when  the  tail 
was  found  to  be  25**  long,  and  about  6"  broad.  Sir  W.  Herschel  paid  considerable 
attention  to  the  physical  appearance  of  this  comet,  and  the  reader  is  referred  to  the 
Philosophical  Transactions,  1812,  for  his  remarks,  which  are  too  extensive  to  be  given 
here. 

1811.  The  second  comet  of  this  yoar  was  discovered  by  Pons  on  November  16,  and 
observed  to  the  end  of  January,  1812.  It  had  a  well-defined  nucleus,  with  a  fiunt 
surrounding  coma. 

1812.  This  comet  was  discovered  by  Pons,  on  July  20,  and  observed  to  the  end 
of  September.  At  first  it  was  only  visible  in  a  telescope  ;  but  in  September  it  increased 
in  brightness,  and  had  a  tail  2°  in  length.  Professor  Encke  found  its  orbit  elliptical, 
the  period  being  70*7  years. 

1813.  First  comet.  This  comet  was  discovered  on  the  4th  of  February,  by  the 
preceding  observer  ;  and  its  appearance  was  that  of  a  small  confused  nebula. 

1813.  Second  comet.  This  comet,  the  eighteenth  discovered  by  Pons,  was  first 
seen  on  March  28.  It  appears  to  have  been  visible  to  the  naked  eye  on  April  24th 
and  25th,  as  a  small  round  nebulosity  without  tail. 

1815.  This  comet  was  telescopic,  and  was  discovered  by  Olbers,  on  March  6th.  It 
is  remarkable  as  being  one  whose  elliptical  orbit  is  decided ;  the  periods  of  revolution, 
by  several  computers,  varying  from  72  years  to  77  years. 

1818.  First  comet.  Discovered  by  Pons,  in  Cetus,  on  the  23d  of  February.  It 
was  very  faint,  and  has  recently  been  supposed  to  have  been  an  appearance  of  the  comet 
ofBiela. 
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1818.  Second  comet.  Discovered  by  Pons,  on  December  26th,  1817.  It  was  a 
fJEunt  telescopic  body. 

1818.  (Third  comet)  Discovered  by  Pons,  on  November  28th,  as  a  small,  round, 
and  well-deftned  body.  Bessel,  independently,  discovered  a  comet  on  December  22nd, 
which  preyed  to  be  the  same  body. 

1819.  The  first  comet  of  this  year  was  remarkable  in  affording  to  Encke  the  disco- 
Tery  of  its  periodic  nature,  and  the  identity  of  it  with  the  comets  of  1786,  1795,  and 
1805.  It  was  discovered  by  Pons,  on  November  26th,  1818,  as  a  small,  ill-defined 
nebulosity.  The  history  of  this  body  has  been  given  in  the  preceding  part  of  this 
section. 

1819.  Second  comet.  This  was  discovered  by  Professor  Tralles,  at  Berlin,  on  July 
Ist  It  appeared  with  a  well-defined  planetary  nucleus,  and  a  tail  from  T  to  8*"  in 
length. 

1819.  Third  comet.  Discovered  by  Pons,  on  June  12th.  Encke  computed  its 
orbit,  which  he  found  >;>  be  elliptical,  with  a  period  of  2052  days. 

1819.  (Fourth  comet.)  Discovered  by  Pons,  on  December  4;  and  previously  at 
Marseilles,  by  Blanpain,  on  November  28th.  Encke  found  its  orbit  elliptical,  and  its 
period  4*8  years.  Clausen  was  of  opinion  that  it  was  identical  with  the  comet  of 
1743. 

From  1821  to  1851  we  can  do  little  more  than  record  the  various  comets  which 
have  appeared  in  our  hemisphere,  with  their  dates  and  the  names  of  their  discoverers : — 
1821.  Discovered  by  Pons  on  January  28.  Santini  saw  it  with  the  naked  eye  on 
February  19,  and  estimated  its  tail  to  be  2|°  long.  It  was  observed  to  May  3. — 1 822  (1). 
Qambart  discovered  this  comet  on  May  12.— 1822  (2).  Eneke's  comet.  Discovered 
at  Paramatta  by  Bumker  on  June  2.— 1822  (3).  Discovered  by  Pons  on  May  31, 
but  not  observed  much  in  Europe  in  consequence  of  its  southerly  declination. — 
1822  (4).  Discovered  by  Pons  on  July  13.  On  August  21  it  was  visible  to  the 
naked  eye,  and  had  a  tail  1|°  long. — 1823.  Discovered  by  Pons  on  December  29.  San- 
tini found  it  on  January  3.  De  Zach,  on  January  23,  noticed  that  in  addition  to  the 
usual  tail,  directed  from  the  sun,  it  had  another  in  a  contrary  direction,  varying  from  4** 
to  7°  in  length.— 1824  (i).  Discovered  by  Bumker  on  July  15.— 1824  (2).  Discovered 
by  Scheithaner,  atChcmitz,  on  July  23. — 1825  (1).  Discovered  by  Grambart  on  May 
19,  in  Cassiopeia.  This  comet  has  some  resemblance  in  its  elements  with  the  third 
comet  of  1790. — 1825  (2).  This  small  comet  was  discovered  by  Pons  on  the  9th  of 
August. — 1825  (3).  Encke's  comet.  Discovered  by  Valz  on  July  13.— 1825  (4).  Dis- 
oorered  by  Pons  on  July  15.  It  was  visible  to  the  naked  eye,  and  in  October  presented 
a  remarkable  appearance  in  the  heavens. — 1826  (1).  Gambart  or  Biela's  comet.  Dis- 
covered by  Biela  on  February  27. — 1826  (2).  Discovered  by  Pons  on  November  6, 1825. 
— 1826  (3).  Discovered  by  Flangergues  on  March  29.— 1826  (4).  Discovered  by  Pons 
on  August  7,  and  observed  to  October.— 1826  (5).  Discovered  by  Pons  on  October  22. 
It  was  visible  to  the  naked  ey  e  in  December,  with  a  beautiful  train. — 1827  (1).  Dis- 
corered  by  Pons  on  December  26,  1826.— 1827  (2).  Discovered  by  Pons  on  June  20. — 
1827  (3).  Discovered  by  Pons  on  August  2. — 1829.  Encke's  comet.  Discovered  by 
Strove  in  1828,  October  13.— 1830  (1).  Discovered  by  Professor  D'Abbadie  in  the  Mauri- 
tius on  March  16.  It  was  also  seen  on  March  17,  during  a  voyage  from  Calcutta  to 
Boston,  as  a  bright  object,  with  a  tail  8°  in  extent. — 1830  (2).  Discovered  by  Herapath 
on  January  7,  1831.  It  exhibited  a  tail  21"  long;  the  diameter  of  the  nucleus  was 
3'  or  4'. 
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1832  (1)»  Encke's  comet.  DUco\-ered  by  MoaBOtti,  on  June  1,  at  Bobiios  Ayrci,  and 
at  the  Boyal  Observatory,  Cape  of  Good  Hope,  on  the  next  day.  It  waa  only  aeen  caice 
in  Europe,  by  Professor  Harding,  on  August  21. — 1882  (2).  Discorered  by  Ganbait,  on 
July  19. — 1832  (3).  Oambart's  or  Biela's  comet.  Discovered  at  Bome,  on  Angiut  25.— 
1833.  Discovered  at  Paramatta,  by  Dumlop,  in  September. — 1884.  Diaeomed  by 
Gambart,  on  March  8,  in  Sagittarius. — 1885  (1).  Discovered  by  Bogoi^mM^  4n  April 
20.— 1835  (2).  Encke'a  comet  Discovered  by  Boguskwski,  on  July  80.— 1885  (S). 
Halley's  cornel  Discovered  by  Dumonchel,  at  Rome,  on  August  6.  (See  tlie  bistoiy  «f 
this  comet,  at  the  commencement  of  the  section.) — 1838.  Encke'a  comet.  Dmoowmti 
by  Boguslawski,  on  August  14.— 1840  (1).  Discovered  by  Gallc  on  December  3, 1839. 
1840  (2).  Discovered  by  Galle  on  January  26.  It  was  very  faint,  without  any  appet^ 
ance  of  tail. — 1840  (3).  Discovered  by  Galle,  on  March  6.  It  had  a  tail  aererml  d^;iMi 
in  length. — 1840  (4).  Discovered  by  Bremieker,  on  October  26. 

1842.  Enckc's  comet.  Discovered  on  March  9,  by  Valz.— 1842  (2).  Diaoovcred 
by  Langier  on  October  28.  It  was  very  faint,  and  without  tail. — 1848.  Jhe  great 
comet  of  this  year  is  within  the  recollection  of  many  readers  of  ihia  work.  It  wm 
seen  in  South  America,  on  February  27,  and  observed  afterwards  in  Europe  to  the  niiiddls 
of  April.  This  was  the  finest  body  since  the  great  comet  of  1811. — 1843  (2).  Phbo- 
vered  by  Mauvais,  on  May  2—1843  (3).  Discovered  by  Faye,  on  November  22.  T<s 
orbit  is  elliptical,  and  it  was  again  observed  at  the  Cambridge  Observatory  in  1850.— 
1844  (1).  Discovered  by  De  Vico,  on  August  22.— 1844  (2).  Discovered  by  Haurn^  m 
July  7.  It  had  a  small  brilliant  nucleus  of  3' in  diameter. — 1844  (8).  De4eetedly 
Captain  Wilmot,  at  the  Cape  of  Good  Hope,  on  December  19. — 1845  (1^.  Dracoverodty 
D* Arrest,  on  December  28,  1844.— 1845  (2).  Discovered  by  De  Vice,  on  Febmny  M. 
—1845  (3).  Discovered  by  CoUer,  on  June  2.  It  was  a  beautiful  object,  visible  to  the 
naked  eye,  with  a  tail  2 J*  in  length.— 1845  (4).  Encke's  comet  Discovered  Tiy  De^iea, 
at  Bome,  on  July  10. — ^1846  (1).  Discovered  by  De  Vico,  on  January  24. — ^1846  (S). 
Gamrbarf  s  or  Biela's  comet.  Discovered  by  De  Vico,  on  November  J6, 1845.  At  iWi 
appearance,  the  singular  phenomenon  of  a  double  comet  was  8een*^L846  (3).  IHseo- 
vered  by  Brorsen,  on  February  26.  Its  elements  have  some  resemblance  to  the  eoBMli 
of  1532  and  1661.-1846  (4).  Discovered  by  De  Vico,  on  February  20.  There  is  no 
doubt  as  to  the  elliptical  oihit  of  this  comet,  the  period  being  78  years. — 1846  (5).  Din 
vered  by  Hind  and  De  Vico,  on  July  29.— 1846  (6).  Discovered  by  Peters,  on  June  28. 
— 1846  (7).  Discovered  by  Brorsen,  on  April  80.— 1846  (8).  Discovered  by  Be  Vieo^  on 
December  23.- 1847  (1).  Discovered  by  Hind,  on  February  6.— 1847  (2).  BiBcovend 
by  Coller,  on  May  7.— 1847  (3).  Discovered  by  Schweizer,  on  August  81. — 1847  (4). 
Discovered  by  Mauvais,  on  July  4. — 1847  (5).  Discovered  by  Brorsen,  on  July  20  — 
1847  (6).  Discovered  by  Miss  Mitchell,  on  October  1.-1848  (1).  Discovered  by  Peter- 
sen, on  August  7. — 1848  (2).  Encke's  comet.  Discovered  by  Hind,  on  September  18. 
1849  (1).  Discovered  by  Petersen,  on  October  26,  1848.— 1849  (2).  Discovered  by  Gon- 
jon,  on  April  15. — 1849  (3).  Discovered  by  Sehweizer,  on  April  11. — 1849  (4).  Disco- 
vered by  Mr.  Jenkins,  on  November  28,  at  sea. — 1850  (1).  DiECovered  by  Peteraen,  cm 
May  1.— 1850  (2).  Discovered  by  Bond,  on  August  29. 

1851  (1)  Faye's  comet.  Discovered  at  the  Cambridge  Observatory,  on  If ovcmbcr 
28,  1850.-1851  (2).  Discovered  by  D' Arrest,  on  June  28.— 1851  (3).  Discovered  by 
Brorsen,  on  August  1. — 1851  (4).  Discovered  by  Brorsen,  on  October  22. 
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ECLIPSES  AND  OCCULTATIONS. 

92hb  fitriking  phenomena  attending  eclipses  of  the  sun  and  moon,  in  which,  apparently, 
4kt  OMune  of  nature  is  interrupted,  and  for  a  time  the  discs  of  the  sun  and  full  moon 
iM8  tlieir  wonted  lustre,  and  their  light  is  almost  extinguished  in  the  mid-hcavcns,  have 
0TW  been  a  source  of  curiosity,  and  occasionally  of  terror,  to  mankind.  Whilst  they 
Imltb  iiiniHflied  many  examples  of  credulity  which  haye  heen  taken  advantage  of  by 
superior  nrinds,  they  have  sometimes  served  a  nobler  purpose ;  and  the  biography  of 
flBtKOBomers  is  filled  with  instances  in  which  the  accidental  occurrenoe  of  a  solar  or  lunar 
ac%ae  kaa  been  the  oause  of  their  first  directiDg  their  attention  to  the  science  sub- 
lefucDtiy  enriohed  ^by  their  investigaftions.  EeHpaet  may  be  defined  as  a  short  interrup- 
4ioa  in  the  passage  of  light  to  the  earth,  which  is  either  tmI,  as  in  the  case  of  the  inter- 
^Mition  oif  an  opaque  body  between  the  earth  and  sun;  or  apparent,  as  takes  place 
nhmk  the  earth  iteeif  ^passes  between  the  sun  and  the  object  previously  illumined.  The 
ftnt  are  tensed  solar  eclipees,  and  take  plaoe  at  the  time  of  the  new  moon ;  the  latter 
lunar  eclipses,  and  occur  at  the  time  of  full  moon,  or  when  the'  earth  is  interposed 
betweenttbe-Bim  and  bw  satellite;  the  earth  being  a  body  of  snob  dimensions  that  its 
ibadow  is  -sufficient  to  reach  to  the  moon. 

IrtUHur  WUIi^mtm, — ^Taking  the  latter  ease,  or  that  of  a  lunar  eclipse,  we  readily 

«ee  by  Rg,  111  A_ 

Jbe^flfRn  of  tiie 
shadow  cast  by 
the  earth.  The 
ton,  8,  seatten 
its  rays  in  all 
directions,     anfl  ^«  m* 

such  as  are  directed  towards  the  earth,  T,  will  be  interrupted  in  their  onward  passage  by 
the  interposition  ef  this  body ;  and  weperoeire  that  if  the  rays  of  light,  A  B,  A'  B',  pre- 
Berve  their  straight  path  they  cannot  penetrate  within  the  portion  B  0  B',  or  between 
the  summit  of  the  eene  A  0  A'  and  the  <earth,  and  that  this  is  the  form  and  dimensions 
of  the  shadow  cost  by  the  globe  T.  In  order  that  the  moon  may  be  eclipsed,  it  must  be 
placed  between  the  earth  T  and  the  summit  of  the  cone  0 ;  and  the  distance  of  those 
two  points  is  easily  determined  in  the  following  manner : — Draw  the  line  T  C  parallel 
to  OA,  and  in  the  two  similar  triangles,  0  TB  and  T  S  C,  we  have  the  proportion 
8  C  :  T  S  : :  T  B  :  0  T.  The  radius  of  the  earth,  T  B,  being  taken  for  unity,  the  line 
B  0  will  be  equal  to  the  radius  of  the  sokr  sphere  diminished  by  the  former  quantity  or 
to  111  radii  of  the  earth.  As  the  mean  distance,  T  S,  of  the  earth  and  eun  are  equal  to 
24,000  ladii  of  the  -earth,  we  conclude  that  the  distance  0  T  is  equal  to  about  216  ter- 
lestrial  radii;  or,  more  exactly,  that  the  length  of  the  axis  of  the  shadow  is  216,531 
radii  of  the  earth.  At  the  time  when  the  sun  is  in  perigee  this  will  decrease  to  212,896 
radii  of  the  earth,  and  at  the  time  of  i^>ogee  to  220,238  radii.  As  the  -distance  of  the 
moon  from  the  earth  never  exceeds  64  terrestrial  radii,  and  the  least  length  of  the 
shadow  is  212  terrestrial  radii,  it  is  obvious  that  the  moon  must  be  obscured  when  the 
earth  is  situated  between  it  and  the  sun.  The  breadth  of  the  shadow  of  the  earth  at 
the  distance  of  108  terrestrial  radii  will  be  equal  to  half  the  diameter  of  the  earth,  and 
eonsiderably  greater  at  the  distance  of  only  60  radii ;  but  the  exact  dimenaiona  ot  \K^ 
latter  p<niit  may  be  obtained  as  toYkfwv  :— 
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BESPECTIYE  POSITIONS  OF  MOON  AND  SHADO^W. 


Dimensions 


Fig.  112. 


8ar£Mse  of  tb 
celestial  ipbcBk 
which  if  te 
sappoMd  topM 
throng^  tUfl» 
traoftiMM 
this  snzfMBil 
cut  the  timi 
the  evth'f  d» 


dow  at  M  M'.  and  the  angle  M  T  M'  is  the  apparent  angle  of  the  ahadow  whidi  itii 
required  to  determine.  The  half  of  this  angle,  or  M  T  0,  is  equal  to  the  angle  BK( 
diminished  by  the  angle  MOT;  but  the  former  is  the  parallax  of  the  moon  (sines  Iff 
is  the  distance  of  the  moon  from  the  earth),  and  the  latter  is  equal  to  the  ang^e  III 
(the  semi-diameter  of  the  sun)  diminished  bjthe  angle  BAT  (the  parallax  of  theM4 
In  order,  therefore,  to  obtain  the  apparent  semi-diameter  of  the  shadow  at  the  diilMi 
of  the  centre  of  the  moon,  we  must  add  the  parallax  of  the  sun  to  that  of  the  mooii,ai 
subtract  the  apparent  semi-diameter  of  the  sun. 

As  the  moon  moves  over  a  space  about  equal  to  its  diameter  in  an  hour,  it  fiJiMI 
that  it  may  be  entirely  within  the  shadow  for  two  hours.  The  greatest  value  ol  Al 
dimensions  of  the  earth's  shadow  at  the  moon  may  be  readily  obtained  by  taking  Ai 
greatest  parallax  of  the  moon  and  the  least  of  the  sun ;  and  as  the  former  is  61'  29"  it 
its  maximum,  and  the  sun's  least  semi-diameter  and  corresponding  parallax,  respeotiTi(ft 
arc  15'  46"  and  8" '6,  it  would  follow  that  the  greatest  semi-diameter  of  the  earth's  iJii* 
dow  at  the  distance  of  the  moon  was  45'  52". 

The  apparent  semi-diameters  of  the  shadow  for  other  distances  of  the  sun  andnMM 
may  be  readily  calculated,  and  are  here  annexed  :— 


Sun  in  perigee 


/  Moon  in  apogee      .     . 
at  mean  distance 
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Sun  at  mean  distance 


Sun  in  apogee 


37  42 

41  31 

45  20 
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m  pengce      .     . 

f  Moon  in  apogee  .  . 
at  mean  distance 
in  perigee      .    . 

/  Moon  in  apogee  .  . 
I  „  at  mean  distance 
'     „    in  perigee      .    . 

Respective  Positions  of  Moon  and  SJuidow.— Lot  A  C  (Fig.  113)  be  the  great  ciidlrf 
the  ecliptic,  and  B  D  the  or- 
bit of  the  moon,  N  will  be 
the  nodes  of  this  orbit  The 
shadow  0  moves  along  the 
first  circle  with  a  velocity 
equal  to  that  of  the  sun,  and 
the  moon  passes  along  the 
second  circle  with  a  velocity 
about  thirteen  times  greater.  *^* 

In  order  that  the  moon  may  meet  the  shadow,  it  must  happen  that  the  centre  of  tlM 
shadow  is  sufficiently  near  the  nodes  N  at  the  moment  of  opposition.     By  taking  into 
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lonsideration  the  aboye  facts— that  the  apparent  diameters  of  the  moon  and  the  earth's 
hadow  rary  from  one  epoch  to  another — and  remarking  that  the  distance  of  the  centre 
)f  the  shadow  from  the  node  N  is  precisely  equal  to  the  distance  of  the  centre  of  the 
ran  from  the  opposite  node  of  the  moon,  we  find  that  if  the  distance  of  the  centre  of 
Oie  Bun  from  the  node  at  the  time  of  full  moon  is  greater  than  12''  3',  there  cannot  be 
in  eclipse ;  and  if  the  distance  is  less  than  9°  31',  there  must  certainly  bo  an  eclipse. 
Vstween  these  two  extremes,  the  case  is  doubtful ;  but  a  more  exact  calculation  will 
Aow  whether  an  eclipse  really  does  occur. 

Vaxtial  Sclipses  of  the  Moon. — ^When  the  moon  is  wholly  obscured,  as  we 
fee  it  can  be,  the  eclipse  is  termed  total;  but  when  only  a  portion  uf  thu  lunar  disc 
tnters  into  the  shadow,  the  eclipse  is  partial.  In  the 
htter  case,  the  outline  of  the  earth's  shadow  projected 
vnon,  the  disc  of  the  full  moon  clearly  shows  its  round 
and  globular  figure,  although  the  diameter  of  the  conical 
lliadow  is  large  in  proportion  to  that  of  the  moon.  The 
aeoompanying  diagram  (Fig.  114)  gives  an  idea  of  the 
xelatiYe  proportions  of  the  shadow  of  the  earth  and  the 
disc  of  the  moon  at  those  times,  and  of  the  curvature  of  1 
fke  circumference  of  the  shadow  ab  e.  But  the  definition  I 
of  the  earth's  shadow  is  far  from  being  so  sharp  as  is  here  I 
represented,  and,  like  that  of  the  shadow  of  any  other  Fig.  114. 

opaque  body,  is  edged  with  a  cloudy  and  imperfectly-defined  penumbra,  the  dimensions 

of  which  may  be  esti- 
mated by  the  follow- 
ing considerations: — 
LetthelinesAO'B'C 
and  A'  0'  B  C  be 
drawn  (Fig.  115),  an- 
other cone,  A  0'  A', 
having  its  summit  0' 
!>etween  the  sun  and  the  earth,  is  formed,  and  enveloping  the  sun  and  the  earth  in  its 
)pposite  parts  A  0'  A',  B  0'  B'.  It  is  clearly  seen  that  all  the  part  situated  within 
he  space  C  B  B'  C,  and  without  the  real  shadow  B  0  B',  would  only  receive  a  portion 
yf  the  rays  of  the  sun  coming  from  the  part  of  the  hemisphere  turned  towards  it,  the 
)ther  part  being  hid  by  the  earth ;  and  that  the  portion  of  the  sun  which  is  visible  is 
greater  according  as  this  is  nearer  to  the  exterior  surface  of  the  space  C  B  B'  C\  and,  on 
the  contrary,  smaller  as  it  is  nearer  to  the  real  shadow  of  the  earth,  or  B  0  B'.  The 
3onBequence  would  be,  that  as  the  moon  passed  into  the  part  C  B  B'  C  before  meeting 
irith  the  real  shadow,  it  would  insensibly  lose  a  portion  of  its  light,  and  its  lustre 
would  become  gradually  less  intense  as  it  approached  the  real  shadow.  As,  however, 
the  breadth  of  the  penumbra  is  equal  to  the  angle  0  B  C  =  A  B  A',  or  the  diameter  of 
the  sun  as  seen  from  the  earth ;  and  as  the  apparent  diameters  of  the  moon  and  sun 
ire  nearly  equal,  it  follows  that  the  whole  disc  of  the  moon  may  be  within  the  penumbra 
0  B  0.  When  any  part  of  the  disc  of  the  moon  is  obscured  by  the  real  shadow,  it  fol- 
lows that  the  whole  of  its  surface  is  more  or  less  hidden  by  the  penumbra.  The  insensible 
nelting  away  of  the  real  shadow  into  the  penumbra  is  noticed  at  every  lunar  eclipse,  but 
!t  is  impossible  to  tell  precisely  where  the  penumbra  ends  and  the  shadow  begins. 
Sffsot  of  the  Atmosphere  of  the  Earth.— Hitherto  we  have  supposed  the 
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rays  proceeding  from  the  sun  to  pass  in  straight  lines  until  they  meet  fhe  lunar  diso^ 
but  this  is  not  the  case ;  for  those  which  pass  through  the  earth'b  atmosphere  aie 
subject  to  refraction,  and  change  their  direction  in  the  manner  ahready  explained  ia 
the  case  of  a  star.  This  will  be  more  apparent  when  we  consider  tile  direction  of  the 
ray  S  A  (Fig.  116),  which  traverses  the  atmosphere  of  the  earth,  and  passes  beyond  it. 

The  direction  which  it 
takes  previoQs  to  entering 
the  atmosphere  of  the 
eartSi  mdtes  an  angl^  of 
SS^widx  its  direction  when 
it  artfves  at  t&at  point; 
and  after  passing  through 
it,  it  is  still  Airther  de- 
flected from  its  (KT^ihat 
■^*  ^^-  course,  and  by  the  same 

bBoasequence  of  this  will  be,  that  it  is  altogether  ofeflected  more 
Mi  tS»  solar  rays  will  meet  before  arriving  at  tile  point  0 ;  and, 
B  sal  A'  B'  taking  a  straight  direction,  they  wiir  be  deflected  to 
Hm^jmaA.  D  (P%.11Z]^  wiiih  is  considerably  nearer  the  earth  than  the  point  0.  Thus 
it  win  only  be  the  A. 

inner  cone  B  D  B, 
which  is  the  real 
cone  of  the  sha- 
dow; the  remain- 
ing parts  of  the 
tnathematieal  cone 

BOB'  will  be  traversed  by  the  solar  rays,  which  are  bent  ftom  tiielr  primitive 
direction  by  the  action  of  the  terrestrial  atmosphere.  The  distance  of  the  point  D 
from  the  centre  of  the  earth  can  be  calculated  as  in  the  former  case,  and  it  has  been 
found  that  its  average  distance  is  forty-two  terrestrial  radii ;  and  we  conclude  from 
this,  that  as  the  moon's  mean  distance  is  equri  to  sixty-four  radii  of  the  earth,  it  can 
never  be  inclosed  within  the  real  shadow  of  the  earth  B  D  B';  but  at  the  time  of  total 
eclipse  it  falls  within  that  petrt  of  tiie  shadow  where  the  rays  refracted  by  the  atmos- 
phere penetrate.  This  is  the  cause  that  when  the  moon  iis  wholly  eclipsed  it  still 
shines  with  a  reddish  light,  being  illumined  by  the  faint  rays  refracted  by  the  earth's 
atmosphere.  This,  however,  is  not  the  sole  effect  of  the  atmosphere,  for  the  apparent 
diameter  of  the  earth's  shadow  has  been  found  by  observation  to  be  greater  than  might 
be  expected  from  the  preceding  investigation ;  and  it  has  been  accounted  ftr,  by 
supposing  that  the  solar  rays  do  not  really  touch  the  surface  of  the  earth,  but  that  tli 
lower  strata  of  the  air  absorbs  those  which  approach  its  margin ;  and  if  such  be  the  casti 
the  diameter  of  tha  globe  of  the  earth,  and  its  shadow  would  accordingly  be  greater. 

The  condition  of  the  atmosphere  through  which  the  rays  of  the  sun  pass,  produces 
considerable  changes  in  the  appearance  of.  the  hmar  disc  at  the  times  of  total  eclipse 
In  ordinary  cases,  as  before  mentioned,  the  colotrr  of  the  moon  is  of  a  red  or  coppery 
tint,  similar  to  that  frequently  assumed  by  the  setting  sun,  and  produced  by  the  same 
causes,  viz.,  an  absorption  of  the  blue  rays  of  light  when  passing  through  great  depths 
of  the  atmosphere.  If  that  portion  of  the  atmosphere  is  in  addition  charged  with  cloud 
and  dense  vapours,  the  whole  of  the  elementary  rays  will  be  stopped  in  tiieir  passage 
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ll»  the  hmar  wrfaoe,  tad  several  inetancefi  are  on  record  in  which  the  disc  of  the  moon 
•W»M  eoaiyletdy  inyisiUe  at  th«  time  of  total  eclipse.    In  the  eclipses  of  1601  and  of 
J(Mie»  1620^  this  was  the  ense,  although  the  air  was  sufficiently  clear  to  allow  the  light 
«f  itani  of  the  fifth  mag»itude  to  be.  diertiDguishablc ;  and^in  a  aimilar  manner,  the  moon 
ftnU  SM>t  be-  pereezved  (ey^sa  with  the  aid  of  a  telescope)  during  the  eclipse  of  April, 
KMg,  akhdugh  the  sky  was  equally  as  clear  as  in  the  fonner  ease.    When,  however,  the 
4|r  i*  eleflt  at  those  portions  of  tbo.  eaitlL's  surface  through  which  the  solar  rays  pass, 
the  red  rays  are  traassiitted  im  gs'cat  muaber^  and  the  lustre  of  the  lunar  sufface  is  but 
iflgbtly  dimmed  ia  eonsequencc.     Such  was  the  ease  with  the  eclipse  of  the  moon 
ytkkkk  happened  in  Masdi,  1848,  when  tlie  lunar  disc  was  almost  as  apparent  as  on 
qt^maxj  duU  nighty  and  when  many  persons  who  were  observing  it  could  scarcely  be 
'  pBBaded  thai  it  wa»  really  eclipsed.     The  dark  spots  and  bright  places  were  as  well 
--.fiiai  att  its  surface  aa^  if  viewed  througli  thin  cloud  or  vapour ;  and  one  observer,  who 
Jtui  witaoflsed  lunar  eelipses  for  more  than  sixty  years,  never  remembered  one  in  which 
."^  UluminatiMi  was  so  sixong — appearing  like  the  glowing  heat  of  fire  from  the  fur- 
saasyi  and  tinged  with  a  deep  red.     Sometimes  the  moon  becomes  invisible  during  the 
ytognM  of  iits  imaiersion  in  the  shadow,  as  was  the  case  with  that  observed  by  War- 
^Ritin,  in  17S^Iy  when  the  noon  was  very  bright  for  ten  minutes  after  its  total  immcr- 
man,  but  foe  sn.  hour  afterwards  became  so  completely  invisible  that  not  the  slightest 
%aceof  it  cooldbe  dctoeted,  cither  with  the  naked  eye  or  telescope,  although  the  sky 
"Vaa  clear  and  stan  iai  the  immediate  vicinity  of  the  moon  appeared  bright  and  distinct. 
Ifn.  other  caseay.  there^on  of  the  atmosphere,  through  which  the  rays  have  passed,  have 
l»een  clear  at  some  ports  and  obscured  at  others ;  and  the  consequence  has  been  that  whilst 
the  lunar  disc  appeared  clear  and  bright  in-  some  portiom,.  it  was  very  dark  at  others. 
Sepler  states  that,  during  the  total  eclipse  of  August,  1598^  one  half  of  the  moon 
Appeared  so  bright  that  it  seemed  doubtful  if  it  was  eclipsed  aiall,  whilst  the  other  was 
seen  with  the  utmost  difficulty,    ▲.similar  variegated  appearaaee  was  presented  by  the 
lunar  disc  in  October,  1837.     Sir  W.  Herschel  perceived  many  bright  spots  on  the 
«>CQaMon  of  a  total  eclipse,  and  was  induced  to  believe  that  they  were  volcanoes  in  action. 
Such  an  appearance,  howevec,  it  will  plainly  be  seen,  may  be  supposed  due  to  the  various 
Teflective  qualitiesr  of  the  surface  of  the  moon,  and  that  the  brigM  spots  notieed  by  Her- 
schel were  oaly  the  bright  mountaineus  dtstricts  illaminated  by  the  red  light  of  the  sun. 
Fxediction,  Dinati«B,  and  MasnitwAe  of  a  l^uiuyr  SclifSfri^If  the  moon 
^tid  not  depart  from  die  plaae  of  the  eelaptie,  there  would  be  a  lunar  eclipse  at  each  full 
aooa  and  a  solar  one  at  new  mooa. ;  but  as  it  ia  sometimes  above  and  sometimes  below 
this  plane,  an  ecdipss  can  only  Uka  piece  when  it  approaches  the  nodes  of  its  orbit.    It 
"vraa-  kaown.  to  the  ancients  that  at  certain  intervale,  the  sew  and  fuM  noon  returned 
agaiB  on  the  same  day  oi  the  month,  and  they  had  observed  that  at  the  end  of  eighteen 
years  eleven  days,  or  a  period  of  223  lunations,  thece  was  a  return  of  tlise  same  eclipses, 
and  were  thus  enabled  to  foretell  themiwiAh  considerable^  butnot  with  perfect  accuracy ;  for 
the  exact  recurrence,  if  it  took  place,  would  depend  upon  the  return  of  the  sun's  place,  the 
moon's  place,  the  position  of  the  moon's  apogee,  and  that  of  the  ascending  node  of  the  moon 
to  exactly  the  same  sitaation.    This  ^aet  return  eannot  happen,  bat  is  sufficiently  ap- 
proximate to  foretell  eclipses  with  a  remarkable  degree  of  accuracy,,  and  Dr.  Halley 
found  that  if  the  period  of  18  years  10  days  7  hours  43  j  minutes  were  added  to  the  middle 
of  the  time  of  any  eclipsey  the  return  of  the  corresponding  one  might  be  predicted 
within  Ih.  30m.     If  only  £aur  leap  years  occur  in  the  interval,  the  \^eT\Q^^csvW\k^ 
enlarged  to  18y.  lid.  7h.  43im,    It  may,  however,  hapi^n  l\\«tt  ^'\ictv  >i}ti^  eOC\\v^^  Ss^ 
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Tcry  Blight,  or  an  appuln  occurs,  that  at  the  succeeding  period  of  I87.  lid.  it  wiUaot 
be  obserred.  Since  the  position  of  the  heavenly  bodies  at  any  epoch,  as  well  as  tbe 
laws  which  govern  their  motion,  are  at  present  equally  well  known,  the  edipees  of  tke 
sun  and  moon  are  now  rigorously  calculated,  although,  to  save  time  and  troaUs^  the 
above  period  of  18y.  lid.  (the  period  of  d21y.  3h.  3m.  would  be  still  more  exact)  ii 
still  made  use  of.  The'  **  Nautical  Almanac  "  contains  the  exact  positiona  of  the  m 
and  moon  in  relation  to  the  earth  at  any  given  time,  and  it  is  from  these  data  that  ii 
shall  determine  the  beginning  and  end  of  an  eclipse  at  any  given  time. 

In  order  to  tdleidaUu 
eclipse  of  the  moon,  the  fol- 
lowing data  are  necessuy, 
and  the  manner  in  whuh 
they  are  used  will  be  mm 
by  the  diagram  (Fig.  118) 
and  explanation.  Suppoa 
the  moon's  place  at  oppos- 
tion  to  be  at  ^,  the  centre  of 
the  earth's  shadow  being  A 
a  at  the  same  time,  the  lattir 
passing  through   the  spsM 


Fig.  118. 


T  fl,  the  path  of  the  ecliptic,  whilst  the  moon's  centre  describes  tihe  line  L  J,  the  path  rf 
the  moon's  motion  (which  may  be  regarded  as  straight  lines,  as  well  as  those  of  L  ^  a  }) : 
Let  m  ^  moon's  hoii^UT'  motion  in  longitude, 
fi  ^  moon's  horary  motion  in  latitude. 
$  =  pun's  horary  motion  in  longitude. 
X  =  moon's  latitude  when  in  opposition  at  h, 
t  =  time  taken  by  moon  to  pass  from  L  to  ^. 
d  =:  distance  from  T  to  L. 
The  moon's  motion  in  longitude  will  be  a  e  in  the  interval  it  takes  to  pass  from  L 
tob  =  mt.    Its  motion  in  latitude,  during  the  same  time,  orLe  —  ab=znt    The 
sun's  motion  in  longitude,  or  the  distance  T  a  ^  «  ^  in  the  same  manner.    Then 
Les=ab+nts=\  +  nt  andT  essae  —  T  az=m  t  —  1 1 

<?»  =  L  T2  =  L  c«  +  T  ija  =  (X  +  «  0*  +  («  *  -  *  0 '. 
Expanding  this  expression,  we  obtain  a  quadratic  equation  of  which  t  is  the  unknown 
quantity  (the  others  being  derived  from  the  above  data),  and  will  depend  on  the  value 
given  to  d.  Such  values  may  be  given  to  tf  as  correspond  to  the  phases  of^e  ^lipse,  and 
the  interval  between  the  time  of  opposition  and  the  occurrence  of  the  phases  will  thni 
readily  be  obtained,  the  time  of  opposition  being  known  from  the  position  of  the  son  and 
moon  as  given  by  the  tables.    Arranging  them  we  obtain 

<^  —  A-  =  <«  [(m  -*)2  -f  i|8]  +  2  ^A  n. 
sin^  B  fi^ 

Substituting  tan'  B  =  -  __  ^^^  ^  for  .    _  .^  ,  we  obtain,  instead  of  the  above, 

n^  fi+2hn  sin*  a  ^  =  (rf*  —  A^)  sin^  B ;  or,  completing  tho  quadratic, 
n^  (^  +2  \  nam^  e  t  +  X"  am*  e  =  ((P  —  A'')  sin'  a  -f  A"  sin*  $  , 

=  sin*  B  (rf«--  A"^)  (1  —  sin*  $  . 

=  sin*  a  (rf*  -  A  •  cos*  $), 


.'.<  =  -(—  A  sin*  8  +  sin  a  y  d^  —  A'  cos* 
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And  firom  tliis  expression  the  yalues  of  the  times  for  any  values  of  d  may  be  obtained. 
For  the  determination  of  the  time,  t,  at  which  the  moon  immerges  into  the  earth's 
penumbra,  J  =s  moon's  horizontal  parallax -f- sun's  horizontal  parallax -{~  the  sun's 

semi-diameter  4"  moon's  semi-diameter  =  I^+J'+'b  +o  >  the  first  value  of  t 

giving  the  instant  of  Immersion,  the  second  that  of  emersion.    At  the  time  of  immcr- 

maa.  in  the  umbra  d^zV  +p  +  ^  —  -^.    At  the  period  when  the  whole  disc  has 

entered  the  shadow  d  ==  sum  of  the  parallaxes  —  sum  of  the  semi-diameters,  or 

P  -|- jp  — -  —  ^    The  time  at  which  the  middle  of  the  eclipse  occurs  (or  the  greatest 
'J*        2 

phase)  is  when  the  two  values  of  t  are  equal,  or  when  d^  —  X'  cos*  ©  =:  0,  and  t  = 

•   In  this  case  the  distance  d=zKcoa  0,    When  the  latter  term  is  known,  the 

mMffmtude  of  the  eclipse  may  be  determined.  Some  part  must  be  eclipsed  when  X  cos  0 
18  less  than  the  distance  ?+/»-(--  —  — ,  asthe  latter  quantity  shows  when  the  moon's 

limb  just  touches  the  shadow,  and  the  portion  of  diameter  eclipsed  is  (  P  -J-i?  +  -^ —  -5  ) 
— -  X  cos  0*  The  portion  of  the  diameter  of  the  moon  which  is  not  eclipsed  will,  there- 
fore, beXcoB©-t---J-  -  —  P  — p.    The  eclipse  will  be  exactly  total  when  this  is 

nothing,  and  will  be  more  than  total  when  it  is  negative.  The  part  eclipsed  ma^r  be 
expressed  either  in  digits  or  twelfths  of  the  lunar  diameter  (8),  or  in  decimal  parts,  the 
moon  being  taken  for  unity. 

JEgample. — Partial  eclipse  of  the  moon,  April  20,  1856. 

By  the  tables  of  the  sun  and  moon,  the  time  of  opposition  is  at  9h.  13m.*6  morning, 
Greenwich  mean  time. 

Moon's  latitude  at  time  of  opposition  X  =  33  18 

„       horary  motion  in  latitude   .    ft  ==   2  46  lat.  increasing. 

„  horary  motion  in  longitude  m  =  30  8 
Sun's  horary  motion  in  longitude  .  «  =  2  27 
Moon's  apparent  diameter     .     :     .    J  =  29  44 

„  horizontal  parallax  .  .  .  P  =  54  33 
Sun's  apparent  diameter  .     .     .    .  D  =  31  52 

„       horizontal  parallax    .     .    .  ^  =        9 

Tane  =  — ^  =  -1-  1||^/.  «=:-J.6M3'10''. 
m—a        '     1661 

The  middle  of  the  eclipse,  or 

—  ^L^^  =  i??i  X  sin2  (5"  43'  10")  =  -  7m.-16. 
n  166  ^  ' 

Therefore  the  middle  of  the  eclipse  will  occur  at  9h.  6m. '4  morning,  reckoning 
from  opposition.  The  times  at  which  it  entered  the  shadow  and  emerged  from  it  are 
calculated  by  finding  the  value  of  d  at  those  times  :•— 

rf=-— 5--fp-fP  =  53'  38",  and  adding  the  one-sixtieth  part  of  (P  -J-  p  —  ^  ) 
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for  the  effect  of  the  earth's  atmosphere,  d=^&i'  17",  Intzodseiiig  this  Talde  into  the 
expnmUm-^-^^+  ""'^^^-^'^'''^  ^eobt.mforfl^twoTJ.u»af  <: 

Eodof  edipee  =  ri«  +  1  32-68  =  1  S9-84 
Besixming    -  =  716  —  1  3268  =  1  25*52 
The  commeneemeiit  of  the  ecHpee  aecofrdin^  took  place  at  Th.  33m.-8  morning,  and 
the  end  at  10h.  39m.  mommg.  The  distance  of  the  oentret  comspoading  to  the  middk 

of  the  eclipse^  or  xeos#^  33^  8";  and  the  ed^eed  part,  ^  k^  ~o  ~i~i'  +  ^ — ^cos 

$  =  21'  9",  (allowing  for  the  effect  of  atmosphere),  or  the  magnitade  of  tiie  eclipse, 
reckoning  the  moon's  diameter  at  1  =  0'7l. 

In  order  to  determine  the  time  at  which  the  moon  enters  the  pmumiraj  we  assume, 

«f  =  P-fj»-f  -  +-  =  86'  9"-8,  whence  the  two  Talaes  of  <  are  2h.  44m.-32  and 
2         2 

2h.  58m. '64,  which  applied  to  the  time  of  opposition,  9h.  13m.'6,  gires  the  time  of  com- 
mencement at  6h«  15m. -0  a.m.,  and  the  time  of  ending  at  llh.  57m.'9  a.m. 

Chmphical  Constraction  of  a  Lniutf  Eclipse.— Instead  of  calculating  the 
rarions  phases  of  a  lonar  edipse,  they  may  he  ohtained  hy  the  following  graphical 
process,  applied  to  the  eclipse  of  Noyemher  13  and  14,  1845. 

At  Paris  mean  noon  of  NoYcmber  13,  the  longitude  of  the  sun  exceeded  that  of  the 
moon  by  186*  20'  7"'4.  On  the  14th,  at  the  same  hour,  it  exceeded  it  by  174°  45'  S'S. 
Finding,  by  interpolation,  the  instant  at  which  the  difference  of  longitudes  was  exactlj 
180%  or  the  moment  at  which  the  moon  was  in  opposition,  we  obtain,  Noyember  14» 
at  lb.  4nL  20s. '9  morning.  At  this  time  the  parallax  of  the  moon  was  55'  39'' *6 ;  that 
of  the  sun,  8"'7  ;  the  semi-diameter  of  the  moon,  15*  10" '1 ;  and  that  of  the  son  16'  12"*3; 
whence,  as  before,  we  conclude  that  the  semi-diameter  of  the  shadow  of  the  earth  was 
39'  36",  or  increasing  it  by  ^  =:  2415"'6.  In  addition  to  this,  we  find  thst  at  Oh.  30Bk 
on  the  morning  of  the  14th,  the  longitude  of  the  sun  exceeded  that  of  the  moon  bf 
180°  16' 33"'7 ;  and  thatthelatitudeofthe  moon  was  0^*25' 57''-6  S.  At  Ih.  30m.  of  the 
same  morning,  the  excess  of  the  longitude  of  the  sun  was  179°  47'  37"'7,  and  the  lati- 
tude of  the  tnoon  0°  28'  51"'5  S.  Let  the  circle  A  B  C  D  (Fig.  119)  represent  the  dimen- 
sions of  the  shadow  of  the  earth  at  the  distance  of  the  moon  (semid.  =  0  A  ^  2415''*6)} 
lot  E  E'  be  the  ecliptic. 

At  Oh.  30m.  of  the  morning  of  the  14th,  the  longitude  of  the  sun  surpassed  that  of  the 
moon  by  180°  16'  33"'7;  the  longitude  of  the  centre,  0,  of  the  shadow,  therefore,  only 
exceeded  that  of  the  moon  by  993"*7.  According  to  the  scale  adopted,  set  down  0  Fs 
993"-7.  Make  F  G  perpendicular  to  E  E',  and  mark  off  F  G  =  25'  57"-6,  which  is  tiie 
latitude  of  the  moon  at  the  lime,  and  G  is  the  position  of  the  centre  of  the  moon  at  Oh.  30iii. 
morning.  In  the  same  manner,  take  0  H  =  12'  22"-3,  or  742"'3,  and  H  K  =:  28*  51'''5. 
or  1731"'5 ;  and  E  will  be  the  position  of  the  centre  of  the  moon  at  Ih.  30m.  moming. 
Draw  a  right  line,  M  M',  through  the  points  G  and  K,  this  line  will  represent  the  path 
of  the  moon  during  the  eclipse  in  reference  to  the  shadow  of  the  earth.  The  point  N  if 
the  position  of  the  moon  at  the  moment  of  opposition,  or  at  Ih.  4m.  20s.*9  mom. 

With  a  radius  equal  to  the  sum  of  the  radii  of  the  shadow  and  of  the  moon,  or, 
3326" '7  describe  a  circle  with  the  centre  0.  The  circumference  will  cut  the  line  H  K' 
at  two  points,  L  L' ;  and  it  is  plain  that,  if  with  those  two  points  as  centies,  we 
(Icscribo  two  lesser  circles  with  the  radius  of  the  moon,  or  9 10"*  I,  these  two  circles  wiD 
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touch  the  circumference  of  the  shadow  A  B  C  D,  and  represent  the  position  of  the  moon 
at  the  beginning  and  end  of  the  eclipse.    If,  moreover,  the  perpendicular,  P  0,  is  raised 
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Fig.  119. 


on  M  M',  the  point  P  represents  the  position  of  the  centre  of  the  moon  at  the  middle  of 
the  eclipse. 

As  the  moon  employs  an  hour  in  passing  from  G  to  K,  we  may,  by  proportion,  deter- 
-mine  the  time  it  takes  in  passing  from  N  to  P  (if  we  make  the  figure  large  enough) ;  and 
we  thus  find  that  it  takes  5m.  41s.  in  going  through  this  distance,  or  5m.  41s.  before 
the  opposition,  or  it  is  at  Oh,  58m.  40s.  that  the  middle  of  the  eclipse  happens.  In  the  same 
Bumner,  we  find  that  the  moon  should  be  Ih.  39m.  19s.  in  passing  from  P  to  L',  and 
it  is  therefore  at  llh.  29m.  21s.  of  the  eyenipg  of  November  13  that  the  eclipse  com- 
mences, and  at  2h.  38m.  of  the  morning  of  the  14th  that  it  ends.  The  maffniiude  of 
the  eclipse  is  found,  likewise,  by  this  graphical  construction,  and  in  this  case  we  perceive 
that  it  is  partial,  since  at  the  moment  when  the  centre  of  the  moon  is  nearest  the  centre 
of  the  shadow,  a  portion  of  its  disc  lies  without  the  latter  circle.  If  we  draw  the  diameter 
Q  S,  directed  towards  the  point  0,  and  we  take  the  proportion  of  this  diameter  S  B,  which 
is  in  the  shadow,  and  ths  diameter  itself,  we  find  the  magnitude.  In  the  present  case 
this  amounts  to  0*92,  the  diameter  being  1*00.  Should  the  diameter  Q  S  be  within 
the  circle  of  the  shadow,  or  the  eclipse  be  total,  the  various  phases,  it  will  be  seen,  can 
be  measured  off  with  equal  facility,  as  in  the  instance  here  given. 

Instead  of  making  use  of  latitudes  and  longitudes,  the  right  ascensions  and  declina- 
tions of  the  sun  and  moon  may  be  employed,  as  in  the  following  example  of  the  total 
eclipse  of  October  24, 1855  (Loomis  Ast.).  The  Greenwich  time  of  opposition  in  right 
ascenoon  is  19h.  17m.  55s. -6,  or]  the  Washington  time  =  14h.  10m.  29s. *6,  for  which 
time  the  ** Nautical  Almanac"  furnishes  the  following  data: — 
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Declination  of  moon =  11  42  24*3  north. 

Declination  of  sun =  11  56  48*0  south 

Moon's  horizontal  parallax  (lat.  45"^     =       59  39*0 
Sun's  horizontal  parallax      .    .    .      =  8*6 

Moon's  semi-diameter =       16  18*8 

Sun's       „         „        =       16    7*9 

Moon's  hourly  motion  in  R.  A.  =       33  22*1 

Sun's      „  n        »i  .     .      =         2  23*5 

Moon's  hourly  motion  in  declination    =       15  40-1  north. 
Sun's         „  „         „         »  =         0  520  south. 

The  semi-diameter  of  the  earth's  shadow,  or  C  B  =  59'  39"-0  +  8"-6  —  16'  T'-Q  = 

43'39"-7,towhidi 
g  adding    one-iix- 

tieth  for  refrao* 
tion,  C  B  =  44' 
23^-4,  and  the  di*- 
lanceof  the  moon'i 
centre,  or  G  £  ^ 
60*  42"'2.  The 
hourly  motion  of 
the  moon  from  the 
sun  in  right  ascen* 
sion  is  30'  SS'-fi, 
and  this  reduced 
to  the  arc  of  I 
great  circle  by 
multiplying  it  If 
the  cosine  of  ^ 
^8:.  120.  nioon's     decline 

tionsrlSW-g. 
From  the  centre  €  with  the  radius  C  B  describe  the  circle  A  B  B,  or  the  shadov  d 
the  earth.  Draw  the  line  A  C  B  to  represent  a  parallel  to  the  equator,  and  make  06 
perpendicular  to  it  equal  to  14'  23"'7,  or  the  sun^s  declination  minus  the  moan's  dedi' 
nation,  the  point  G  being  taken  below  C  as  the  centre  of  the  moon  is  south  of  the 
centre  of  the  earth's  shadow.  Make  C  0  =  1819"'9  and  C  P  to  the  hourly  motion  of 
the  moon  in  declination  mmus  hourly  motion  of  the  sun  in  declination ;  or  14'  48*'1| 
the  point  P  being  placed  above  C  as  the  moon  was  moving  northward.  Join  0  P  as^ 
draw  parallel  to  it  through  G  the  line  N  G  H,  which  represents  the  path  of  th^  mooit 
and  on  N  H  let  fall  the  perpendicular  C  X.  At  14h.  10m.  29s.*6  the  moon  was  it  & 
To  find  its  position  at  14h.  we  make  theproportion : — As  60m. :  10m,  29s.'6  : :  0  P :  Gl 
The  position  of  the  moon's  centre  at  14h.  is  set  at  Z,  and  its  position  at  161l,  15h.,  Ae, 
may  be  laid  dawn  in  the  same  manner  by  adding  the  distance  0  P.  Subdividing  ^bs^ 
into  sixty  jnrts,  the  beginning,  end,  and  middle  of  the  eclipse  will  be  asoertainedr 
answering  to  the  times  when  the  moon's  centre  is  at  E,  H,  and  K. 

The  calculation  of  the  eclipse  may  be  performed  accurately  as  fttUows  i — ^la  ^ 
right-angled  triangle  0  C  P  we  have  C  0  rr  1819''-9  and  C  P  =  888"-l,  tk* 
C  P .  .K  ;  ;  C  0  :  tan  C  P  0. 


I 
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0  0  =  1819"-9  =  3-2600475 
888"-l  =  2-9484619 


C  P  0  =  63«  59'  16"  =  0-3115856  log,  tan. 
SmCPO:E::CO:OP. 

0  0  =  3-2608475 
Sin  0  P  0  =  9-9536150 


0  P  =  2025^"0  =  3-3064325 
The  angle  0  P  0  =  angle  OGK,GKandOP  being  parallel.    The  angle  0  G  E 
=  lie*'  0'  44";  the  side  0  G  =  863-7,  and  the  line  0  E  =  3642"-2.    The  angles 
G  E  G  and  the  side  E  G  of  the  triangle  0  E  G  are  found  thus : — 
0  E  :  sin  0  G  E  :  :  0  G  :  sin  0  E  G. 
Oomp.  0  E  =  6-4386362 
Sin  0  G  E  =  9-9536150 
0  G  =  2-9363629 


C  E  G  =  12»  18'  18"  Sin  9-3286141 

Therefore  the  angle  E  0  G  =  51**  40'  68'*. 

Sin  0  G  E  :  0  E  : :  sin  E  0  G  :  E  G. 
Oomp.  sin  0  G  E  =:  00463850 
0  E  =;  3-5613638 
Sin  E  0  G  =  9-8946428 


E  6  =  3I79"-7  =  3-5023916 
To  Determine  the  Time  of  DeecnUng  EG. 
As  0  P  :  Ih.  : :  EG  (=  3l79s.-7)  :  Ih.  34m.  12s.-8,  which,  subtracted  from  the  time 
of  apposition  in  right  ascension,  or  19h.  17m.  55s. -6,  (Greenwich  time)  gives  the  time 
of  the  beginning  of  the  eclipse,  or  first  contact  with  shadow,  at  17h.  43m.  42s. -8. 
The  middle  of  the  eclipse  is  found  by  the  triangle  0  G  K  similar  to  0  P  0,  in  which 
the  angles  and  hypothenuse  are  giyen  to  find  0  K  and  K  G: 

E  :  0  G  :  :  sin  0  G  K  :  C  K  :  :  cos  0  G  K  :  G  K. 
Sin  0  G  K  =^  9-9536150  Oos  0  G  K  =  96420319 

0  G  =  2-9363629  0  G  ==  2-9363629 


C  K  =  776"-2  =  2-8899779  G  K  =  378"-8  =  2-5783948 

To  Determine  the  Time  of  Describing  G  K. 

2025"  :  Ih.  : :  378"-8  :  673s.-4  =  11m.  138. -4,  which,  added  to  the  Greenwich 
time  of  opposition,  gives  19h.  29m.  9s.  for  the  middle  of  the  eclipse.  The 
duntion  of  the  eclipse  will  consequently  be  3h.  30m.  52s. *4,  and  the  end  21h.  14m. 
36t.-2  Greenwich  mean  time.  The  magnitude  of  the  eclipse  is  found  by  subtracting 
C  K  =  12'  56"-2  from  0  R  =  44'  23"-4,  whence  K  R  =  31'  27"-2 ;  to  which  adding 
the  moon's  semi-diameter  we  obtain  B  I  =:  47'  46"'0.  Dividing  this  by  the  moon's 
diameter,  or  32'  37"-6  the  magnitude  of  the  eclipse  =  1-464  on  the  northern  limb.. 

The  beginning  and  end  of  total  darkness  is  found  as  follows : — ^With  the  radius  of 
the  earth's  shadow,  or  0  B  diminished  by  the  moon's  semi-diaxseter,  or  44'  23"'4  — 
16'  lS"-8  =  28'  4"*6,  or  1684"- 6,  describe  a  circle  about  the  centre  0  cutting  L  N  in  the 
points  S  and  T,  which  will  represent  the  points  of  beginning  and  end  of  total  darkofiea. 
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In  the  triangle  C  G  S,  C  G  =  863-7,  0  S  =  1684*6,  and  the  angle  C  G  S  = 

lie"*  0'  44".     Hence  C  S  :  sin  C  G  S  : :  C  G  :  sin  C  S  G. 

Comp.  C  S  =  6-7735032 

SinCGS  =  9-9536160 

C  G  =  2-9363629 


C  S  G  =  27^*  26'  12^  Sin  =  9-6634811 

And  the  angle  S  C  G  =  36**  33'  4". 

Sin  C  G  S  :  C  S  :  :  Bin  S  C  G  :  S  G. 
Comp.  sin  C  G  S  =  00463850 
C  S  =  3-2264968 
Sin  S  C  G  =  9-7749107 


G  S  =  1116-3  =  30477925 
To  Determine  the  Time  of  Describing  G  S. 
2025-0  :  Ih.  :  :  11163  :  1984-6  =  33m.  4s.-6,  which  being  subtracted  from  19h. 
17m.  55s.'6,  gives  18h.  44m.  51s.  for  the  time  of  disappearance  or  beginning  of  total 
darkness.  The  duration  of  total  darkness  is  therefore  Ih.  28m.  36s.,  and  the  time  of 
the  end  of  total  dfCrkness  or  re^appearance  ss  20h.  13m.  27m.,the  middle  of  the  edipae 
occurring  at  19h.  29m.  9s. 

The  semi-diameter  of  the  penumbra  is  equal  to  the  semi-diameter  of  the  shadow  -f* 
the  sun's  diameter,  or  44'  23"-4  +  32  158  =  76'  39"-2.  Let  the  circle  A  R  B  repre- 
sent, in  this  case,  the  limits  of  the  penumbra,  then  C  E  =  76'  39"*2  -4-  16'  18"*8  = 
92'  58"-0.  In  the  triangle  0  G  E,  the  angle  0  G  E  =:  116*'  0'  44".  C  G  =  863*7  and 
C  E  =  5578"-0. 

C  E  :  Sin  C  G  E  ;  :  C  G  :  sin  C  E  G. 

Comp.  log  C  E  =1  6-2535215 

SinCGE  =  9-9536150 

C  G  =  2  9363629 


C  E  G  =  7**  69'  66"    Sin  =:  9-1434994 
And  angle  E  G  G  =  65^  59'  20". 

Sin  C  G  E  :  C  E  :  :  sin  E  C  G  :  E  G 
Comp.  sin  C  G  E  =  00463850 
C  E  =  3-7464785 
Sin  E  C  G  =  9  9185174 


E  G  =*6144"-9  =  3-7113809 

As  2026  :  Ih.  :  :  6144*9  :  2h.  S2m.  26s.*6,  which  gives  the  time  of  describing  S  6. 
This  subtracted  from  19h.  I7m.  65s. -6,  gives  16h.  46m.  29s.*  I  for  the  time  of  flfsteon- 
taot  with  the  penumbra,  and  the  whole  duration  being  6h.  27m.  19s. *8,  we  get  the  time 
of  ending  22h.  12m.  48s. '9  for  the  last  contact  with  the  penumbra. 

An  eclipse  of  the  moon  can  only  be  seen  at  those  parts  of  the  earth  where  the  moon 
is  above  the  horizon,  as  well  as  the  shadow  of  the  earth,  or  at  least  a  portion  of  this 
shadow.  As  this  can  only  take  place  when  the  sun  is  below  the  horizon,  it  is  onlj 
during  the  night  that  eclipses  of  the  moon  are  visible.  It  may  happen,  however, 
that  the  eclipse  may  be  seen  for  a  few  moments  before  the  setting  of  the  Bun,  or  after 
its  rising.  This  is  due  to  the  refraction  of  the  atmosphere,  which,  when  the  son  is 
altogether  below  the  horizon,  as  well  as  that  part  of  the  moon  which  is  eclipeed,  de- 
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tea  both  objects  above  the  horizon,  and  an  observer  at  A  (Fig.  121)  will  be  able  to 
\  the  sun  at  one  side,  and  the  eclipsed  moon  on  the  other. 


Fig.  121. 

Solipses  of  the  Sun.— Whilst  eclipses  of  the  moon  follow  from  the  interposition 
the  earth,  and  prevent  the  light  of  the  sun  from  reaching  to  and  illuminating  the 
rface  of  our  satellite  in  the  usual  manner,  eclipses  of  the  sun  are  due  to  the  con- 
jy  cause,  being  the  shadow  of  the  moon  falling  on  certain  parts  of  the  earth  (passing 
er  it  like  the  shadow  of  a  cloud),  and  hiding  the  disc  of  the  sun  at  those  districts.  The 
nensions  of  the  shadow  at  the  surface  of  the  earth  may  be  found  in  the  same  manner 
in  the  former  case,  and  an  idea  of  the  different  kinds  of  solar  eclipses  may  be  gathered 
m  the  following  diagrams.    Let  L  be  the  ][>oeition  of  the  moon  (Fig.  122)  situated 


Fig.  122. 


lotly  in  a  line  with  the  sun  S  and  the  earth  T,  and  at  a  distance  L  T,  which  eorrssponds 
the  distance  of  the  sun  and  moon  at  the  time.    The  smallest  difitaaoe  of  the  oentrqe  of 


Fig.  123 

>  eezth  and  moon  being  equal  to  65,947  semi-diameters  of  the  former  body,  and  the 
Mitest  vahie  of  the  shadow  0  L  (calculated  in  the  manner  already  mentioned)  being 
'78  aemi-diasieters  of  the  earth,  it  would  follow  that^  under  those  circumstances,  the 
idoir  of  the  moom  would  extend  beyond  the  centre  of  the  earth,  and  consequently 
it  at  that  regiea  of  the  earth  where  the  shadow  would  fall  (as  at  a  d  Fig.  123)  the 
Sfte  would  be  total — tiie  moon  completely  obscuring  the  sun's  disc    On  the  con- 

ny,  xf  we  take  the  greatest  distance  of  the  earth  and  moon,  w\Ac\L\ft  «v^t\\ft  ^'^^^^'L 


^H 


ftcuF^E*  or  TMm  fts- 


fv«r.4  V^  V  '"^T  T^#  f  i4i;,  *U  iiztti^  t,i  i£«  c«Be  <il  ib»krT  do«  sot  ivAck  ta  tke  entb 
'F<|?.  I  ?i^ .   tf^,  *K™  tr.a  »«  tl**  €*•»',  tilt  tdipse  ciimot  be  total  far  any  pMt  of  Ha 
«-«f^ti     '/Tt  few  t.'.«*  hf.rtA%^}f*.Tt  t-^iPn^  tovmrdi  tLe  viiti,  v£  |>«9veiTV  a  pordoB,  tlumg^ 
fM  *  M  wii^^li:  i,f  iu  'Jj»f,^     Tl«t*  ii,  L&wtTtr,  &  pMrtilkritf  10  be  aot«dt  whi^h  bp  that  if 
w  pr^Afm)'  Ih'f  '>/ff':  vf  the  ibid 'J  w  i>f  lb«  invm  befond  tb«  furaiiiit  O,  tli«  baie  of  A* 
N«''^'ri']  f/ifi4  frfriTiml  ^llWff;  litoaled  ^/n  \ht  portion  ^fth^  nErlkoe  of  the  ^utb  eiftiEi 
for  *tl  t ffift  fiftH  tbt-  h:Ii|m^  vijl  »pfi«!ir  tfjfK»lbr-^i.  <■}  the  moon  wQl  appear  projected 
if|f/n  thi'  fliv^  f^fh#^  tititi  at  all  IhfjM  p«fti  oftbe  earth,  md  the  exterior  piMtias  of  thtduc 
«/f  ffiii  irin  wj]]  M/rjfl#fjijf'nt]f  ipptir  midcr  the  fona  of  a  limiinoni  jiag,     Wh@s^ 
tWHrti  U  lAhtMl  U-lw*'t'n  tTii[:  mn  end  tJie  eaHh,  the  eclipae  wiU  be  either  total  or  aaniilir 
tnr  tftfimu  imttn  nf  thfi  f>artb|  aiioordinf  ai  the  dintaiifies  of  the  son  azkd  moon  vre  more 
or  li'iiii  ^tt^Hi.     'I'tiiif  M  lino  ippartifit  from  conndering  the  reapectiTe  dlzuendoni  of  ilie 
A\ni»  ttf  iKf*  HUrt  nntl  mr>'>ii  nt  rlilfcrcnt  pcrlodi.     The  epparent  diameter  of  the  mOfJOf  si 
Mtitui  rr-iifii  llifiAiirrni^  rrf  1hf<  mrthf  niaj  increase  to  34^  S*',  wMM  tbe  diameter  of  tlw 
Niiii  nmf  ili>MrrMH  \ti  liV  iil%  »nf]  if  an  eelipie  takee  pUee  under  thooe  oircitmattneei^ 
It  iiiuHi  lirliMiiL     Ail  tim  diiinifTti'r  of  the  moon  on  other  occasions  may  deoreue  to 
V\y  VT\  wKlUi  tlinf.  nf  1hi»  iiin  <ian  attain  il«  maximuni  Talue  of  32^  S5''-6f  it  idllfolkv 
Hint  whfiii  nfi  i^i'lljiNii  hjip|ii>nii  iindor  euch  eireumatancei,  that  it  miut  bo  aunnJaT}  utd 
flinl  for  n  fi-w  nrnnKnU*,  lil  mt'h  parts  of  the  earth  as  are  exactly  in  a  line  with  the 
ci<ntrcB  of  the  sun  and  mootif  the  moon  will  bo  seen  pro- 
ji-citcd  upon  tho  ftun,  the  exterior  parta  of  the  Aim  will  eon* 
tinno  TTsiblo  and  ahioe  with  their  uaual  brillianiiy  [Fig. 
VI  fi).    At  tho  parts  of  tho  earth  adjoining  those  which  m 
i^%tLvliy  in  a  line  with  tho  eentree  of  tbe  wan  and  mooiitlibi 
oi'li^^e  caivnot  bo  total  or  annnlaTf  as  only  a  portion  of  the 
Miooti  run  bo  projc^^ti'd  on  the  disc  of  the  ami.    This  will 
!^i*  flppanpnt  flftvm  Fig,  122^  in  which  it  it  eftsy  to  perodT? 
1h*t  j»t  iiU  th<^»<^int»  situated  to  the  interior  of  the  con^ 
r  0'  C\  and  not  oompriicd  within  Ihe  real  abadow  B  0  B', 
a  nimilar  tpp^tanee  iriU  b«  prcidiieed  aa  in  the  mum  of  the 
♦v»«^*>v«  i^f  iK**  innh>  fJiKiU^w  cm  th**  lunar  disc  during  an  edipee  of  the 

,Nf  i\^  tisH^v  ivf  ihi*  #^itv  ^*$  in  »V  ^^N  *^  ^ 
w,^\*s>  f>^  *«Wn^H  ^*  ^'(r.uWNS  V  th#  real  cwie  <*f 
»>^*,^^»  t*  ^*  ** .  ,%^  iS,^  ft.^t^tf^  V^  w  iifSaT.t  frtm  ihf 
nwx'fA^y  n,^f  iK'  ^\^v  %""  \^  i"",  iV,"  fwitift  will  b*  i>^ 
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of  the  moon,  and  from  which  the  apparent  semi-diameter  of  the  sun  was  subtracted;  in 
the  same  way  the  semi-diameter  of  the  moon's  shadow  at  the  earth  is  equal  to  the 
parallax  of  the  earth  added  to  the  parallax  of  the  sun  at  the  distance  of  the  moon,  from 
which  sum  we  subtract  the  apparent  semi-diameter  of  the  sun  as  seen  from  the  moon. 
The  latter  quantity  is  found  by  increasing  the  semi-diameter  as  seen  from  the  earth,  in 
the  proportion  of  the  distances  of  the  moon  and  earth  from  the  sun  at  those  times,  or  the 
apparent  semi-diameter  of  the  sun  seen  from  the  moon,  =  apparent  semi>-diameter 

of  the  sun  (   )  as  seen  from  the  earth  X  V)  1B[  being  the  distance  of  the  earth  from  the  sun, 

and  k  the  distance  of  the  moon  from  the  sun.  The  sim's  horizontal  parallax  at  the  moon 
IB  equal  to  the  sun's  horizontal  parallax  at  the  earth,  increased  by  the  ratio  of  the  dis- 
tances and  diminished  by  the  ratio  of  the  diameters  of  the-  sun  and  earth ;  or  the  sun's 
horizontal  parallax  at  the  moon  =  sun's  horizontal  parallax  on  the  earth  {jp)  X 

T         K 

^  X  -7 }  9*  being  the  moon's  trw  semi-diametei,  and  R  the  earth's  tru$  semi-diameter. 

Substituting  those  yalues  in  the  preceding  expression,  the  semi-diametev  of  the  moon's 

»  TV.  ^  t*  K 

shadow  will  be  5 a^T+l^'W    'T*      -^^^  parallaxes  of  the  sun  and  moon 

may  be  used  instead  of  the  ratio  of  their  distances  in  this  expression^  and  as  ji?  = 
|r  and  P  rr  ^ .  ^  consequently  ^  =  p .      As  ^  =:  op"*  ^e  also  find  —  -f- 

f*      K  8  P 

|j  ^  .  —  =  -  .p V  ;    and  the  apparent   semi-diameter  of  the  moon's  shadow 

» J)  p 

:=  — - —  X  ^ •    ^e  perceive  from  this  that  when  the  moon's  diameter  is  equal 

to  that  of  the  sun,  the  apparent  diameter  of  the  moon's  shadow  is  nothing,  or  the  apex 
of  the  cone  just  reaches  to  the  earth.  When  the  moon's  diameter  is  less  than  that  of 
the  sun,  the  expression  is  negative,  and  the  shadow  cannot  reach  the  earth's  surface. 
The  formulee  for  the  dimensions  of  the  penumbra  may  be  adapted  to  the  moon's  shadow 
in  a  similar  manner.  If  the  apparent  semi-diameter  of  the  earth,  or  the  moon's  hori- 
zontal parallax,  be  added  to  the  apparent  semi-diameter  of  the  shadow,  the  distance  of 
the  eentres  of  the  moon's  shadow  and  the  centre  of  the  earth  is  found ;  and  the  limits 
of  iho  distance  of  the  moon  from  her  nodes  when  an  eelipse  can  happen  will  readily 
babbtained,  and  is  found  to  be  \T  27'. 

.  Jt  ii  thna  seen  that  the  same  formulas  apply  to  the  calculation  of  both  lunar  and  solar 
amiietyili  10  far  as  the  times  at  which  the  earth  in  general  would  become  enveloped  in 
of  the  moon  is  eoncemed ;   but  this  would  only  have  reference  to  aa 

r  situated  on  the  moon,  who  would  thus  be 

Itofovetell  and  note  the  duration,  times, 
saArlltfigBitade  of  an  eclipse,  the  instant  at  which 
ilw?  ymmbm  entered  upon  the  enlightened  disc 
of  lia  Mrth  and  the  period  of  total  eclipse.  In 
Figars  1S7  we  perceive  the  phenomena  which 
wimld  follow  from  the  interposition  of  the  moon  tiV.r.iiTrrn^^^^"-  ^^ 
between  the  sun  and  earth ;  the  fictitious  ob- 
server situated  at  L,  as  the  moon  moved  in  the  direction  of  the  arrow,  carrying  with 
it  the  real  shadow  and  the  penumbra,  would  first  see  the  penumbra  touch  Uie  disc  of 
the  earth  T ;  then  (if  the  eclipse  were  total)  the  contact  ol  ^e  ie«\  \^^^q(^  vcA  ^^ 
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above  fonnulaD  would  give  the  ioatant  at  which  those  appearances  wtadd  happen.  The  t 
two  cones,  that  of  the  real  shadow  and  the  penumbm,  would  continuft  to  trayene  the  | 
portion  of  the  hemisphere  turned  towards  the  moon,  corering  suceessiTely  theyariow  ' 
parts  of  its  disc,  advancing  on  new  regions,  and  leaving  those  which  it  had  provionslj  j 
shadowed.  Finally,  the  cone  of  the  shadow,  then  that  of  the  penumbra,  would  agaia  i 
become  tangents  to  its  surface ;  and  the  instant  at  which  this  would  take  place  would 
mark  the  end  of  the  eclipse.  But  in  the  case  of  a  solar  eclipse  on  the  earth's  aur£EU)e|  the 
time  at  which  it  became  generally  visible  on  the  earth,  or  the  period  of  first  contact, 
would  not  be  of  such  interest  to  any  observer,  as  the  time  at  which  it  would  become 
visible,  or  total,  at  his  own  particular  locality  ;  and  the  poeitioo  of  the  observer  at  dif- 
ferent parts  of  the  moon  was  not  taken  into  consideration  in  the  above  calculations,  the 
latitude  and  longitude  of  the  several  places  on  the  moon  being  a  mattw  of  indifference 
to  an  observer  on  the  earth.  But  to  an  observer  on  the  earth  it  is  a  matter  of  great  con- 
sequence to  know  the  exact  time  at  which  the  eclipse  would  commence  at  his  own 
station  (for  it  will  not  begin  for  him  until  such  period),  and  also  the  extent  and  duration 
of  the  shadow  of  the  mooo  when  it  passes  over  a  known  station  of  any  assigned  latitude 
and  longitude.  The  calculation  of  an  eclipse  of  the  sun  is,  therefore,  more  difficult  than 
that  of  the  moon,  because  more  is  required  to  be  determined.  The  foregoing  formuls 
may  be  applied  to  the  case  of  an  eclipse  of  the  sun  viewed  from  the  centre  of  the  earth, 
to  which  they  will  exactly  apply.  But  to  the  position  of  an  observer  on  the  surface  ol 
the  earth,  various  corrections  of  parallax  have  to  be  applied  on  account  of  the  an^ 
which  he  makes  with  the  centre  of  the  earth,  whether  in  latitude  (Mr  longitude,  as  tiie 
various  phases  of  the  eclipse  at  the  different  parts  of  the  earth,  by  which  it  is  visible 
at  some  parts  and  not  at  others,  is  due  altogether  to  parallax.  In  calculating  a  solar 
eclipse  for  any  assigned  position,  it  is  necessary  to  correct  the  angular  distances,  or 
the  longitudes  and  latitudes,  for  the  effects  of  parallax.  This  requires  a  long  and 
intricate  calculation ;  but  the  principal  appearances  and  phenomena,  as  likewise  the 
times  of  contact,  greatest  edipse,  duration,  and  magnitude,  may  be  determined  in  the 
following  simple  manner : — 

Oeometzlcal  or  Chraphical  Conatniction  of  a  Solas  &ollp86.-<-If  an  observer 
be  supposed  to  be  situated  at  the  centre  of  the  sun,  and  the  moon  is  interposed  between 
the  sun  and  earth,  he  will  observe  it  passing  across  its  disc  in  the  same  maimer  as  an 
observer  on  the  earth  sometimes  perceives  the  satellites  of  Jupiter  trayersing  the  bright 
disc  of  the  latter  planet.  In  the  same  manner,  likewise,  as  an  observer  on  the  earth 
perceives  the  equator  and  axis  of  the  sun  inclined  at  different  angles  to  the  north  and 
south  points  and  to  the  ecliptic,  at  the  various  seasons  of  the  year  (see  page  231,  Figa 
23  and  24),  the  observer  at  the  sun  would  perceive  the  poles  and  equator  of  the  earth 
change  their  situations  in  respect  to  the  ecliptic,  but  in  a  greater  degree,  the  solar 
equator  being  only  inclined  at  an  angle  of  7°  to  the  ecliptic,  whilst  that  of  tiie  earth  is 
inclined  23}'*.  At  the  time  of  the  vernal  equinox,  the  plane  of  the  equator  passes 
through  the  sun,  and  the  north  and  soutli  poles  of  the  earth  will  consequently  appear 
to  an  observer  at  the  sun  situated  at  the  margin  of  the  disc,  the  paraUela  of  latitude 
describing  straight  lines,  as  in  Fig.  128.  At  the  summer  solstice  the  nortli  pole  of  the 
earth  will  be  turned  towards  the  sun,  the  south  pole  will  be  invisible,  and  the  paraUeb 
of  latitude  will  to  an  observer  on  the  sun  be  projected  into  eUipees,  as  at  ^ig.  129. 
At  the  autumnal  equinox  the  parallels  of  latitude  will  again  appear  as  straight  lines, 
but  the  poles  of  the  earth  will  be  on  the  opposite  side  of  the  poles  of  the  ediptie,  as  at 
Fig.  130.    Finally,  at  the  winter  solstice  the  south  pole  will  be  turned  towards  an 
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observer  on  the  sun,  and  the  parallels  of  latitude  projected  into  ellipses,  as  in  the 
former  case,  but  in  the  contrary  direction  (Fig.  131). 


North. 


North. 


North. 


North. 


^    T 


Souih. 
riff.  128. 


South. 

rigr.  129. 


South. 
Figr.  180. 


South. 
Fig.  181. 


By  projecting  in  this  manner  the  surface  of  the  earth  at  the  yarious  sefusons  of  the 
year,  as  it  appears  to  a  spectator  on  the  sun,  we  can  represent  any  parallels  of  latitude. 
By  doing  so  for  the  day  on  which  the  eclipse  is  expected  to  occur,  we  can  mark  along 
this  projection  the  position  of  the  place  at  the  different  hours  of  the  day ;  and  the 
moon's  apparent  path  across  the  earth's  disc  may  be  laid  down  in  a  similar  way,  and 
its  position  horn  hour  to  hour  determined.  In  order  to  determine  the  time  at  which 
the  eclipse  appears  greatest  at  this  locality,  we  must  find  that  point  in  the  moon's  path 
and  the  path  of  the  observer  marked  with  the  same  times,  and  which  are  at  the  lea$t 
distance  from  each  other.  The  beginning  or  end  of  the  eclipse  will  be  determined  by 
finding  those  points  in  the  moon's  path  and  in  the  path  of  the  spectator  which  are 
marked  with  the  same  times,  and  whose  distance  is  equal  to  the  sum  of  the  semi- 
diameters  of  the  sun  and  moon.  As  an  illustnition  of  this  method  we  will  choose  the 
next  solar  eclipse  visible  in  the  British  Islands,  viz.,  that  of  March  15,  1858  (Figs. 
132  and  133),  which  will  be  generally  seen  throughout  the  north  of  Europe,  and 
which  is  the  greates  which  has  occurred  or  will  happen  in  this  country  for  many 
years.  The  times  and  phases  of  the  eclipse  are  for  the  latitude  of  Greenwich,  or 
fir  28'  38". 

By  the  ^  Nautical  Almanac"  the  time  of  new  moon  is  March  15d.  Oh.  12m.  Os., 
mean  time  corresponding  to  March  15d.  Oh.  2'9m.  apparent  time,  the  equation  of  time 
being  —  9*lm.    The  following  elements  are  calculated  for  that  epoch : — 

Sun's  longitude    .        .    .            .        .        .        .  354  38  38 

Sun's  declination 2  7  15  S 

Moon's  latitude 0  37  43  N 

Moon's  hourly  motion  in  longitude       ,        .        .  0  34  18 

Sun's  hourly  motion  in  longitude          ...  0  2  29 

Moon's  hourly  motion  in  latitude          .        .        .'  0  3  9 

Moon's  equatorial  horizontal  parallax  .         .        .  0  58  15*2 

Sun's  equatorial  horizontal  parallax      .        .        .  0  0  8*6 

Moon's  true  semi-diameter 0  15  54*6 

Sun's  true  semi-diameter 0  16  6*5 

The  geocentric  latitude,  which  is  found  by  applying  the  angle  of  the  vertical  (p.  214) 
to  tiie  geographieal  latitude  (and  which  in  this  case  is  11'  13"),  =  6V  17'*4.  The 
moon's  equatorial  horizontal  parallax  being  that  which  is  given  by  the  tables,  the 
horizontsd  parallax  for  any  other  latitude  will  be  found  by  applying  the  following  cor- 
rection :— 


Zi$ 
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Tho  noon'B  horixontal  parallax  for  Greenwich  wiU  therefore  be  58'  8"*0 ;  and  ai 
the  mlaiivo  potitions  of  tho  sun  and  moon  will  remain  the  same  if  the  sun  be  supposed 
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a  radins  A  C  equal  to  6T  69"'^,  or  if  practicable  with  one  of  3,479  parts  Irom  aay 
scale  of  equal  parts,  describe  the  semi-circle  A  D  B  with  the  centre  €,  which  repre- 
sents the  northern  half  of  the  enlightened  part  of  the  globe  of  the  earth  yiewed  from 
the  sun.  If  the  place  were  in  south  latitude,  the  lower  half  of  the  earth's  disc  should 
be  that  Tepresented.  The  line  A  C  B  represents  the  ecliptic,  and  the  perpendicular 
C  D  the  axis  of  the  ecliptic.  Take  from  a  sector,  or  any  other  convenient  scale,  the 
chord  of  23''  28'  (which  is  the  obliquity  of  the  ecliptic)  to  the  radius  C  B,  and  set  it 
off  from  D  to  H  and  E  in  the  periphery  of  the  circle,  or  the  angle  D  H  =  23°  28' 
may  be  at  once  set  o&  Draw  the  straight  line  E  H,  cutting  0  D  in  E.  By  con- 
sidering Figs.  128,  129,  130,  131,  it  will  be  seen  that  the  north  pole  of  the  earth,  as 
Tiewed  fr^m  the  sun,  will  constantly  appear  on  this  line  E  K  H,  £  being  its  position 
at  the  autumnal,  H  at  the  vernal  equinox,  and  £  at  the  solstices.  Its  distance  from 
H  at  any  time  will  be  equal  to  the  versed  sine  of  the  sun's  longitude,  or  its  distance 
from  K  will  be  the  sine  of  the  difference  between  tiie  sun's  longitude  and  90°  or  270^ 
To  the  radius  £  K  take  the  sine  of  ZW  38' *6  —  270"*  =  84°  38'*6,  and  set  it  off  from 
K  to  P,  the  north  pole  of  the  earth ;  for  when  the  sun's  longitude  is  between  270°  and 
90°,  the  north  pole  lies  to  the  right  of  the  pole  of  the  eoliptie,  and  to  the  left  when  it 
is  in  the  other  six  signs.  Draw  0  P,  which  is  the  northern  half  of  the  earth's  axis, 
and  produce  it  until  it  cuts  the  circle  A  D  B  in  M. 

In  order  to  draw  the  parallel  of  latitude  of  Greenwich  on  the  earth's  disc  as  seen 
from  the  sun,  from  sunrise  to  sunset,  the  following  method^  may  be  taken : — If  the 
latitude  of  the  place  were  exactly  equal  to  the  sun's  declination,  it  would  be  vertical 
at  noon,  and  the  place  of  observation  would  be  at  the  centre  C.  But  as  the  latitude  of 
the  place  exceeds  the  sun's  declination  by  63°  24',  it  must  be  seen  that  distance  north 
of  the  place  where  the  sun  is  vertical,  or  when  projected  on  the  disc ;  this  will  be  the 
sine  of  that  angle  which  is  set  off  from  C  to  12,  which  is  the  apparent  position  of 
Greenwich  at  noon  of  March  Id.  The  position  of  Greenwich  at  midnight  is  deter- 
mined in  the  same  manner  by  taking  C  S  equal  to  the  sine  of  49°  10'  to  the  radius 
A  C,  and  the  point  S  will  be  its  position  at  midnight.  It  is  easily  seen  that  the  line 
12  S  will  be  the  shortest  diameter  of  the  ellipse  into  which  the  circle  of  latitude  is 
projected.  To  determine  the  length  of  the  longest  diameter,  as  it  is  not  shortened  by 
being  viewed  obliquely,  it  will  be  equal  to  the  diameter  of  the  parallel  of  latitude,  or 
to  the  cosine  of  the  co-latitude  =:  38°  43';  and  setting  of  this  distance  from  the  point 
T  (which  is  situated  exactly  between  S  and  12)  on  the  line  perpendicular  to  C  M,  we 
obtain  the  extremities  of  the  longest  axis  of  the  ellipse,  or  the  points  at  which 
Greenwich  will  appear  at  6  am,  and  6  p.m.  At  the  times  of  the  equinoxes  these 
hourswill  be  projected  at  the  edges  of  the  disc  (as  they  are  almost  so  in  the  present 
instance),  but  at  all  the  other  times  of  tbe  year  they  will  be  more  or  less  distant 

In  order  to  obtain  the  position  of  Greenwich  at  any  other  hour  of  the  day,  we 
take,  with  a  radius  equal  to  T  6,  the  sine  of  15°,  or  one  hour  of  time,  which  is  set  off  on 
each  side  of  the  point  T.  The  sines  of  30°,  45°,  60°,  75°  may  be  obtained  and  set  off 
in  the  same  way.  Through  those  points  draw  lines  parallel  to  C  M.  "With  a  radius 
equal  to  S  T  take  the  sines  of  75,  60,  45,  30,  15,  which  are  marked  off  on  each  side  of 
the  line  C  6  respectively  at  the  points  15°,  30°,  45°,  &c.,  as  before.  By  drawing  an 
elliptic  curve  through  those  points,  the  several  positions  of  Greenwich  at  each  hour  of 
the  day.  from  sunrise  to  sunset  are  readily  obtained;  and  by  continuing  it  on  the 
opposite  side,  its  position  (here  represented  by  the  dotted  line)  is  represented  during 
the  night    The  points  at  which  the  ellipse  touches  the  circle  A  D  B  show  the  time  of 
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mmrifling  and  sunsetting.  It  will  be  seen  that  the  ellipse  will  be  more  open  near  the 
time  of  the  aolstioes,  and  more  eccentric  near  the  equinoxes  (as  is  tlie  ease  in  the 
present  instance).  The  points  6,  7»  8,  9,  10,  11,  12,  1,  S,  3,  4,  5,  8,  represent  the 
position  of  Greenwich  at  those  hours,  which  are  marked  from  noon  towards  the  vfjiiL 
If  the  sun's  declination  had  been  north,  the  diurnal  path  of  Greenwich  would  be  oa 
the  lower  or  dotted  portion  of  the  ellipse.  If  possible,  the  figure  should  be  oonstrueted 
on  such  a  scale  that  the  hours  might  be  divided  into  minutes  with  sufficient  certainty. 

Haying  represented  the  position  of  Greenwich  at  the  various  hours  of  the  dav,  at 
they  appear  to  a  spectator  on  the  sun,  the  next  thing  to  be  dcme  is  to  draw  the  moon's 
api>arcnt  path  across  the  earth's  disc.  From  the  same  scale  of  equal  parts  used  in 
the  radius  C  B,  measure  off  an  interval  equal  to  the  moon's  latitude,  or  37'  43";  and, 
as  the  moon's  latitude  is  north,  make  it  equal  to  C  G,  above  the  ecliptic  A  B.  Take 
in  the  same  scale,  G  G,  equal  to  31'  49",  and  apply  it  on  the  line  G  B,  from  G  to  0. 
This  quantity  represents  the  hourly  motion  of  the  moon  from  the  sun  in  longitude.  Dzav 
G  B  perpendicular  to  C  B,  and  make  it  equal  to  3*  0",  the  hourly  motion  of  the  moon  in 
latitude ;  and  as  the  moon  is  moving  northwards,  set  it  above  the  line  G  B.  The  line  C  B, 
Joining  the  points  C  and  B,  represents  the  relative  houriy  motion  of  the  son  and  moon; 
and  parallel  to  this  line  draw  the  orbit  of  the  moon,  or  L  G  N,  on  which,  by  means  of  the 
hourly  motion  C  E  we  can  mark  the  position  of  the  moon  from  hour  to  hour;  and  as  the 
moment  of  new  moon  at  Greenwich  is  at  three  minutes  past  noon  of  apparent  time^  the 
position  of  the  moon  at  apparent  noon,  is  found  by  taking  the  proportion  of  60m. :  3iil  :  : 
the  distance  C  B,  to  the  distance  G  XII.,  which  ia  measured  to  the  left  of  the  point  G^ 
and  shows  the  position  of  the  moon  at  twelve  o'clock,  or  noon.  By  taking  the  line 
G  B  in  the  compasses,  the  other  hours  may  be  marked  off  which  represent  the  plsoei 
of  the  moon  at  those  times.  If  the  scale  is  made  sufficiently  large,  those  spaces  jdmj 
be  subdivided  into  sixty  parts  or  minutes. 

In  order  to  find  the  times  at  which  the  eclipse  is  greatest,  those  times  must  be 
found  on  the  path  of  the  specitator  and  the  path  of  the  moon,  which  are  mariced  witJi 
the  same  times,  and  which  are  at  the  Ifatt  distance  from  each  other.  The  times  whioh 
best  correspond  to  those  conditions  in  the  present  case  are  those  of  12h.  52bl, 
or  52  minutes  past  noon  of  apparent  time.  The  appearance  of  the  moon  at  any  hour 
may  be  shown  by  taking  its  semi-diameter  to  the  adopted  scale  of  equal  parts— and 
which  in  this  instance  =  15'  54''*6— and  with  this  radius  to  describe  a  cirele  whoie 
centre  is  the  point  where  the  moon's  centre  is  at  the  given  time.  The  position  of  the 
disc  of  the  sun  at  the  same  moment  may  be  represented  in  the  same  manner,  by  taking 
a  radius  equal  to  the  semi-diameter  of  the  sim  =  16'  6''*5,  and  describing  a  circle 
taking  the  same  time  on  the  path  of  the  spectator  for  a  centre.  The  relative  positimu 
given  in  the  diagram  are  thoee  at  which  the  eclipse  are  greatest,  when  the  magnitude 
of  the  eclipse  =  0*976,  on  the  northern  limb,  the  sun's  diameter  being  1*000;  and  as 
the  moon's  semi-diameter  is  less  than  that  of  the  sun,  the  eclipse  will  be  annulsr 
and  partial.  The  sun's  centre  must  be  invisible  over  all  that  portion  of  the  earth 
represented  as  being  covered  by  the  moon's  disc,  and  throughout  a  much  larger  area 
Rome  portion  of  the  sun's  disc  will  be  obscured.  The  extent  of  this  area  will  be  found 
by  describing  a  circle  with  the  same  centre,  and  whose  radius  is  equal  to  the  sum  of 
the  semi-diameters  of  the  sun  and  moon  measured  on  the  adopted  scale. 

In  order  to  determine  the  times  of  the  beginning  and  end  of  the  eclipse,  we  take 
from  the  scale  of  equal  parts  a  distance  equal  to  the  sum  of  the  semi-diameters  of  the 
sun  and  moon  :=  32'  l"-l,  and  beginning  near  L,  place  one  foot  of  the  compasses  on 
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the  moon's  path,  and  the  other  on  the  path  of  the  spectator,  and  shift  them  backwards 
and  forwards  until  the  aamt  timea  are  found  on  the  two  paths,  which  are  this  distance 
apart.  This  will  gire  the  time  of  the  beginning  of  the  eclipse,  which  in  the  present 
case  is  llh.  d2m.  a.m«,  apparent  time.  In  the  same  manner  find  the  corresponding 
times  on  the  other  side  of  the  moon's  path,  and  the  end  of  the  eclipse  will  be 
determined,  which  in  the  present  case  is  2h.  9m.  p.h.,  of  apparent  time.  We 
thuB  determine  i-^ 

Apparent  Time.  Mean  Time. 

Beginning  of  Eclipse  .  .     llh.  32m.  a.m.        llh.  41m.  A.id. 

Greatest  Obscuration  .  .      Oh.  52m.  p«h.  Ih.    Im.  p.m. 

End  of  Eclipse         .  .  .      2h.    9m.  p.m.  2h.  18m.  p.m. 

When  this  projection  is  made  on  a  sufficient  scale,  and  carefully  finished,  it  will 
giye  the  above  times  accurately  to  one  or  two  minutes,  and  furnish  an  useful  chart  of 
the  yarious  phases  of  the  eclipse.  By  drawing  different  parallels  of  latitude,  we  can 
determine  the  phases  of  the  eclipse  for  any  place.  The  results  are  obtained  in 
apparent  time,  because  both  the  moon's  path  and  the  path  of  the  spectator  correspond 
to  apparent  time. 

Projection  liy  Bight  Aaeensiona  and  Declinations.— Instead  of  employing 
longitudes  and  latitudes  in  the  projection  of  a  solar  eclipse,  we  may  make  use  of  right 
ascensions  and  declinations ;  and  as  those  are  the  elements  given  in  the  "  Nautical 


Fig.  133. 

Almanac"  for  these  phenomena,  it  may  be  convenient  to  append  an  example  for  this 
eclipse,  but  for  a  different  latitude  and  longitude.  The  radius  of  projection,  0  B,  is 
the  eame  in  this  case  as  in  the  last,  being  the  diffsrence  of  the  horizontal  parallaxes  of 
the  sun  and  moon ;  C  D  is  the  meridian  or  circle  of  declination ;  the  ellipse  represents 
the  projection  of  the  parallel  of  latitude ;  L  G  N  the  moon's  apparent  path ;  C  G  the 
difference  of  deeiinatton  of  the  sun  and  moon  at  the  conjunction  in  right  ascension,  and 
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C  12  the  sine  of  the  sun's  zenith  distance  at  noon.  The  elements  for  the  aboTe  eclipse 
given  in  the  *<  Nautical  Almanac"  are  as  follows,  and  the  place  may  be  considered  as 
situated  0°  6'  west  of  Green wich,  and  at  52°  41'  of  north  latitude  : — 

(Greenwich  mean  time  of  conjunction  in  right  ascension  =  March  15,  Oh.  44m.  7*6 
or  March  15,  Oh.  43m.  44s.*2  of  the  mean  time  at  the  given  place. 

The  apparent  time  will  be  March  15,  Oh.  34m.  37 '8s.,  the  equation  of  time  being 
—  9m.  6s*4.  The  moon's  hourly  motion  in  right  ascension  ^  30'  16"'4 ;  and  the  sun's, 
2'  17''*! ;  and  the  relative  hourly  motion  of  the  moon  from  the  sun  on  right  ascension 
27'  59^*3,  =  which  must  be  reduced  to  the  arc  of  a  great  circle  by  being  multiplied 
by  the  cosine  of  the  declination,  or  V  24'  21"-8  =  27''98. 

The  radius  A  C  =  58''0  as  in  the  last  case. 

Hourly  motion  of  moon  from  sun =  27''98 

Moon's  hourly  motion  from  sun  in  declination         .        .       15'  31" 

Moon  north  of  sun 42'  53" 

Sum  of  semi-diameter  of  sun  and  moon  .        .        .        .  =  32'    1" 
Difference ^  11"*9 

The  semicircle  A  D  B  represents  the  northern  half  of  the  earth's  disc  drawn 
with  a  radius,  A  C,  equal  to  58''0,  as  in  the  last  case  0  D  is  the  axis  of  the  earth.  The 
position  of  a  point  of  52°  41'  of  north  latitude,  or  52°  30'  of  geocentric  latitude,  will  be 
obtained  in  a  similar  manner  to  the  last,  and  its  place  on  the  axis  of  the  earth  at  noon 
and  midnight  will  be  54°  37'  and  50°  23'  to  the  north  of  the  point  where  the  sun  is 
vertical.  Obtain,  by  means  of  a  sector  or  graphically,  the  sines  of  those  angles  to  the 
radius  0  B,  and  set  it  off  on  the  line  C  D  from  G  to  S.  The  position  of  the  locality 
whose  latitude  is  52°  30'  at  6h.  in  the  evening,  will  be  obtained  by  taking  the  cosine  of  the 
latitude,  and  marking  it  off  on  the  line  T  6  —  T  6,  perpendicular  to  0  D  on  each  side  of  T, 
that  point  being  the  bisection  of  the  two  points  S  12.  These  distances  may  likewise  be 
obtained,  and  with  more  exactness,  by  multiplying  the  radius  0  B  =  58'  by  the  sines 
of  54°  37',  and  50°  23',  the  former  of  which  gives  the  distance  0  12,  and  the  latter  C 
S,  the  distance  T  6  being  obtained  by  multiplying  59'  by  the  cosine  of  52°  30';  and 
those  quantities  may  be  marked  off  by  means  of  the  same  scale  of  equal  parts,  as 
adopted  in  the  radius  0  B.  The  other  times  in  path  of  the  observer,  are  determined  as 
in  the  former  instance.  The  moon's  path,  according  to  right  ascension  and  declination, 
is  laid  down  as  before.  Take  the  difference  of  the  declinations  of  the  sun  and  moon  = 
42^  53",  and  set  it  off,  from  0  to  G  above  the  line  A  0  B,  because^  the  moon  is  north 
of  the  sun.  Take  0  0  equal  to  the  hourly  motion  of  the  moon  from  the  sun  in  right 
ascension,  reduced  to  a  great  circle,  and  set  it  off  from  0  to  0.  Make  0  B,  which  if 
perpendicular  to  0  B,  equal  to  15'  31",  the  moon's  hourly  motion  in  declination  from 
the  sun.  The  line  0  E  represents  the  hourly  moiion  of  the  moon  from  the  sun  in 
regard  to  right  ascension  and  declination,  and  the  line  L  G  K,  drawn  parallel  to  this^ 
represents  the  moon's  path  across  the  earth,  the  point  G  being  the  position  of  the  moon's 
centre  at  the  moment  of  conjunction  in  right  ascension.  The  even  hours  may  therefore  be 
marked  off  on  this  path,  by  taking  the  point  G  to  be  34m.  38s.  past  noon  on  March  15  ,* 
and  the  line  0  H  to  be  the  hourly  motion  of  the  moon,  and  the  position  of  the  moon  at 
noon  will  be  found  by  the  proportion  as  60m.  :  34m.  38s.  : :  0  K :  GXII.  : :  31*6  :  18*2. 
The  hours  on  the  moon's  path  should  if  possible  be  sub-divided  to  minutes,  and  the 
same  on  the  path  of  the  spectator.  The  sum  of  the  semi-diameters  of  the  sun  ud 
moon  being  taken  on  the  adopted  scale  =  32'  1",  that  distance  is  taken  in  the 
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passes,  and  those  are  shifted  backwards  and  forwards,  as  in  the  former  case,  until  the 
«MN«  times  are  found  on  the  moon's  path  and  the  path  of  the  spectator,  which  are 
exactly  at  this  distance  apart.  When  the  left  leg  of  the  compass  is  on  the  moon's 
path,  and 'the  right  leg  on  that  of  the  spectator,  this  will  give  the  commencement  of 
the  eclipse;  and  when  the  right  leg  of  the  instrument  is  on  the  moon's  path,  the 
left  on  that  of  the  spectator,  and  the  corresponding  times  are  again  found  at  the  same 
distance  apart,  we  obtain  the  end  of  the  eclipse  in  the  same  manner.  By  applying  the 
side  of  a  small  square  to  the  moon's  path,  and  moving  it  along  until  the  other  side  cuts 
the  same  hour  and  minute  on  both  lines,  we  obtain  the  nearest  approach  the  centre  to 
of  the  sun  and  moon.  If  the  scale  of  the  projection  be  made  of  sufficient  dimensions, 
the  distance  of  those  two  points  will  show  whether  the  eclipse  be  total  or  annular ;  if 
less  than  the  difference  of  the  semi-diameters  of  the  sun  and  moon,  it  will  be  annular 
at  that  locality.  By  describing  a  circle  whose  radius  is  equal  to  that  of  the  moon,  and 
whose  centre  is  situated  on  the  moon's  path  at  the  time  of  the  nearest  approach  of  the 
centres,  we  have  a  circle  representing  the  moon's  disc.  Taking  the  radius  of  the  sun  in 
the  same  manner,  and  the  corresponding  time  on  the  path  of  the  spectator  for  a  centre, 
we  describe  the  position  of  the  solar  disc,  and  their  intersection  will  represent  the 
phase  of  the  eclipse  at  the  moment  of  greatest  darkness.  With  the  points  of  the  com- 
passes at  a  distance  apart,  equal  to  the  differences  of  the  semi-diameters  of  the  sun  and 
moon,  the  times  of  the  formation  and  rupture  of  the  annulus  may  be  determined  in  a 
similar  manner,  as  the  beginning  and  end  of  the  eclipse.  In  the  present  case  we 
obtain  for  the  beginning  and  end  of  the  eclipse  at  the  given  position  llh.  32m.  a.m.,  and 
2h.  8m.  P.M.  of  apparent  time,  which  is  equal  to  llh.  41m.  and  2b.  IGm.  of  mean  time. 
The  time  of  greatest  obscuration  is  J12h.  62m.,  found  by  taking  the  shortest  distance 
between  the  corresponding  times  on  the  paths  of  the  moon  and  spectator,  answering  to 
Ih.  tm.  P.M.  of  mean  time  as  before. 

From  the  relative  dimensions  and  positions  of  the  sun  and  moon,  it  will  be  seen 
that  the  eclipse  is  central  and  annular  at  this  locality,  viz.,  at  0°  6'  (of  arc)  of  west 
longitude  and  at  52®  41'  of  north  latitude,  or  at  a  point  which  is  a  little  to  the  east  of 
Peterborough.  The  line  of  central  eclipse  will  pass  across  England  from  Bridport  in 
Dorsetshire  (at  2°  51'  of  west  longitude,  and  50°  43'  of  north  latitude)  to  the  Wash,  and 
a  little  to  the  north  of  the  towns  of  Sherborne,  Marlborough,  Oxford,  Buckingham,  and 
Wisbeach.  The  diameter  of  the  moon  so  closely  approaches  to  that  of  the  sun,  that  this 
eclipse  may  be  total  in  the  vicinity  of  the  island  of  Madeira  by  the  augmentation  of  the 
farmer  value.  At  the  station  for  which  the  above  calculation  is  made,  the  duration 
of  the  annulus  will  only  be  12s.*3.  Should  the  position  of  the  sun  and  moon  be  exact* 
and  likewise  their  diameters,  we  are  thus  furnished  with  the  remarkable  phenomenon 
of  the  eclipse  being  both  an  annular  and  total  one  in  different  parts  of  the  globe. 

Annular  eclipses  are  more  common  than  total  eclipses,  and  the  prediction  of  their 
times  and  duration  show  more  palpably  than  anything  else  the  great  accuracy  to  which 
the  tables  of  the  sun  and  moon  have  been  carried ;  but  astronomers  still  rely  upon  the 
careful  observation  of  those  phenomena,  in  order  to  correct  the  places  of  those  bodies 
as  given  by  theory ;  and  the  prediction  of  the  approaching  eclipse  of  March  15, 1858, 
win,  it  is  supposed,  be  slightly  affected  by  small  errors  in  the  tabular  places  of  the  sun 
and  moon,  whilst  errors  which  are  known  to  exist  in  the  received  diameters  of  those 
bodies  will  affect  the  duration  of  the  annulus.  These  errors  will  probably,  however, 
only  amount  to  a  fractional  part  of  a  second  at  most.  How  different  is  this  from  the 
prediction  of  the  eclipse  which  was  to  have  happened  atRomeinl6%4t,'^^3As^^'fe\ai^"ee.  \ 


kVrnONOMY.—No,  VI.  \  IL 


Z^  COMFAkATlVE  VCMBEE  OF  IXXIFSU  OF  ftUX  AXD   MOOS. 


iti  UmA  tiM*  lA  lue  fmdietod  would  be  total,  vkiltt  in  reality  oolj  tfciiii  fcwufci  of  lh» 
vttii  dimi^yitzrkd.    In  th*  prediction  of  tLe  eclipse  of  1706,  the  fiKlw  cf 
(Mtf  or  ftve  Kbiciates  in  error. 

AimmU  MumUr  of  EcUpus  of  the  igmi.^— Eclipiee  of  the  tun  on  the  enith 

utn  mf/rt  fr4:queat  tliAn  ecliptes  of  the  moon,  in  the  proportion  of  three  to  tvn^  as  it 

j    wiil  bo  iMreo  fthottJd  follow  from  the  following  coniiderations.    In  order  thetihor 

U  en  edi]iM.'  of  the  moon,  it  muit  happen  that  the  moon  penetrates  the  cone  of  dnddv 

I)  0  B'  at  C  (Fi^.  134} ;  and  it  is  easily  seen  that  in  order  that  there  be  aa  ediptt  if 
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Fig.  134. 
tlio  unu  bt  BotMe  portion  of  tho  cartb,  it  must  pt'octratc  into  the  cone  A  O  A'  at  the  pomt 
1),  In  thu  diameter  of  tho  cono  is  larger  at  J)  than  at  C,  it  consequently  happens  thit 
lh«)  moon  pSHMo*  more  frequently  through  the  former  than  the  latter,  and  that  edqpMS 
of  tho  mm  will  ho  more  frequent  than  tliose  of  the  moon.  Theory  and  observstioo 
bliko  pi'ovb  that  in  tlio  period  of  18  years  11  days,  in  which,  as  before  mentioned,  the 
moon  pttMMii  to  tho  same  position  in  respect  to  tlie  sim  and  its  nodes,  that  there  are ia 
Konnrul  Mcvonty  eclipses,  of  which  forty-ono  are  of  the  sun,  and  twenty-nine  of  the  moos, 
'riittro  cannot  he  more  tlian  seven  eclipses  in  one  year,  nor  less  than  two  ;  and  if  the 
latter,  they  must  hotli  he  eclipses  of  the  sun.  In  any  given  place,  however,  the  ecliptes  of 
the  moon  will  appear  to  he  more  frequent  than  those  of  the  sun,  as  will  be  apparest 
when  we  (u)ine  to  consider  that  the  former  arc  due  to  the  total  or  partial  eztinctioaof 
liglit  on  the  Hurfnce  of  our  satelUto,  and  are  seen  on  every  occasion  on  that  hemis^iere 
of  the  earth  whore  the  moon  is  above  tho  horizon.  Eclipses  of  the  sun,  on  the 
oontrary,  can  only  bo  Heeu  at  one  zone  of  the  earth,  and  that  a  very  narrow  one;  foT) 
in  addition,  it  will  he  seen  tliat  tho  dimensions  of  tho  shadow  of  tlie  moon  are  sinsH 
UH  (M)n)])ured  with  that  of  the  earth.  Out  of  thu  forty-one  solar  eclipses,  which  may 
ortnir  in  oighticu  years,  there  are  in  general  twenty -eight  of  those  which  may  beooBM 
eontrul  ueeording  to  eireuntstanees — tliat  is,  cither  total  or  annular.  It  results  froB 
l)u  Sejotir'h  I  tihulations  thut  the  greatest  possible  duration  of  an  eclipse  of  the  son 
eiiuuut  bo  more  than  4h.  29m.  4-ls.  for  a  place  situated  at  the  equator,  or  3h.  26m.  328. 
for  tho  latitude  of  Taria.  In  total  eelipses,  the  greatest  possible  duration  of  totil 
obMoiirutiitn  nmy  only  be  7m.  58s.  at  tho  equator,  and  6m.  10s.  at  the  latitude  of  Pads. 
In  tl\e  euite  of  annular  eelipses  tho  greatest  possible  duration  of  the  phase  is  12m.  24& 
ut  tht)  equator,  and  Om.  r>Cs.  at  the  latitude  of  Paris.  Such  combinations  are  of  course 
very  rate.  Tho  total  eelipso  of  1706  lasted  for  4m.  lOe.;  that  of  1715,  at  London, 
^u\.  o7a. ;  tho  total  oclij>so  of  1806,  at  Kindcrhook,  in  America,  continued  for  4m.  37&i 
and  that  of  172 1,  ut  Paris,  for  2m.  I69.  lu  the  eclipse  of  1778,  the  <^»rlm<M^  oontiniied 
foi  t\»ur  minutes. 

VhtH^-matyi  i>Sstt''i'it%i durtHi;  a  TotttrEcUpstf^ — The  great  and  sadden  darhness  wbidi 
taVi\^  )dA\v  at  the  u;omont  of  central  eclipse  is,  of  course,  the  great  phenomenon  to  be 
NYvtue$s<Hl  \u  «k^!ar  cclijvsea,  but  many  other  curious  circumstances  ha.ve  been  unex- 
pioU'dW  mnieed  by  tho  teloseopie  olvwrvi^rs  during  ihe  Ov-Iipses  of  1842  and  1851, 
which  ^^^rvt"  tv^  thivw  s^ouo  light  ou  the  cou;^titutioii  of  the  sun ;  so  true  is  it,  as  Anfft 
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observes,  that,  in  the  intellectual  world  as  in  the  terrestrial,  wo  cannot  advance  a  step 
without  discovering  a  new  horizon.  It  is  not,  however,  to  be  strictly  understood  that 
those  appearances  were  first  perceived  on  these  occasions,  but  rather  that  they  were 
observed  with  greater  care;  and  from  the  number  of  ol!)servers  engaged,  and  the 
different  instruments  they  made  use  of,  the  results  are  placed  beyond  doubt,  and 
confirm  the  desultory  notes  of  former  astronomers. 

The  darkness  whioh  loUows  the  total  obscuration  of  the  sun's  disc,  though  mor 
mentary,  is  generally  wj  great,  though  not  complete.  The  total  eclipse  wbich 
occurred  in  England  oa  June  17,  1433,  was  long  remembered  under  the  name  of  Hm 
* '  Black  Hour.*'  That  of  1598  wmi  equally  imprinted  on  the  memorim  of  the  peamitry, 
and  remembered  by  the  name  of  the  *^  Black  Saturday ;"  whilst  the  total  eclipse  of 
1652  is  rcoordod  in  Sootbnd  by  the  name  of  "  Mirk  Monday."  Nor,  if  we  an  to 
allow  the  testimony  of  Dr.  Halley,  are  those  titles  miai^plicd  in  snoh  oaaes.  **  I 
forbear,"  he  says,  in  his  communication  to  the  Royal  Society  on  the  ecUpses  of  1715, 
<*  to  mention  the  chill  and  damp  which  attended  the  darimess  of  this  eclipse,  of  whioh 
most  spectators  were  smmbWc  and  equally  judges.  Nor  ahall  I  trouble  you  with  the 
concern  that  appeared  in  all  sorts  of  Bnimals,  birds,  beasts,  and  fishes,  upon  the  ex- 
tinction of  the  sun,  since  cnrselves  could  not  behold  it  without  some  sense  of  horror." 
In  the  eclipse  of  1700,  dnring  the  period  of  total  darikness  at  Geneva,  bats  flew  about  as 
at  dusk,  swallows  were  seen  flying  about,  and  cage-lnrdEr  put  their  heads  under  their 
wings.  The  stars  appeared  as  tldckly  strewed  as  at  the  time  of  full  moon.  In  the 
eclipse  of  1842,  several  atazs  of  the  flrst  magnitude,  as  well  as  the  plsnet  Mars,  were 
distinctly  visible.  The  colour  of  the  sky  at  those  times  does  not  appear,  howefer, 
either  to  belong  to  the  darimpss  of  night  nor  the  hue  of  twilight ;  in  some  places  it 
was  even  noticed  to  be  of  a  violet  tint ;  and  «^  stars,  such  as  those  of  Alpha  Ononis  and 
Aldcbaran,  were  noticed  to  be  white.  At  Montpellier,  in  tlie  eclipse  of  18-42,  the  light 
had  acquired  a  livid  tint,  impaiting  to  the  human  countenance  an  aspect  which  it  was 
painful  to  contemplate ;  and  the  spectacle  was  generally  allowed  to  be  of  an  extra- 
ordinary  and  appalling  character.  An  owl  was  seen  to  leave  the  tower  of  St.  Peter, 
the  bats  left  their  retreats,  the  swallows  disappeared,  the  fowls  went  to  roost,  and 
the  cattle  stood  still  in  tho  field.  A  heavy  dew  fell  at  Perpignan,  Turin,  and  Vienna 
during  the  obscuration.  Similar  appearances  were  noticed  during  the  total  eclipse  of 
1851,  by  the  numerous  observers  stationed  in  tho  path  of  central  eclipse  in  Sweden. 

Even  during  the  greatest  obscuration,  and  when  the  disc  of  the  sun  is  completely 
hidden  by  that  of  the  moon,  its  place  is  still  made  apparent  by  the  brightness  in  the 
part  of  the  heavens  in  which  it  is  situated.  This  light  appears  in  the  remarkable  form 
of  a  corona  or  lustrous  ring,  and  it  has  sometimes  been  so  bright  as  to  be  observed  and 
mistaken  for  an  annular  eclipse.  This  luminous  ring  was  seen  during  the  eclipse  of 
1667,  and  was  mistaken  for  the  margin  of  the  solar  disc ;  it  was  equally  visible  in 
that  of  1598.  Its  radiating  appearance  seems  to  have  been  first  noticed  in  the  (Kilipsc 
of  1652,  and  appeared  to  be  endowed  with  a  sort  of  rotatory  motion.  In  every  sub- 
sequent eclipse  observed  under  any  favourable  circumstances,  the  corona  has  been 
observed  with  equal  plainness,  generally  of  about  one-tenth  or  one-twelfth  of  tho 
diameter  of  the  moon,  and  of  a  pearl-white  colour,  or,  in  the  words  of  an  observer,  "  of 
that  bluish  tint  which  distinguishes  the  colour  of  quicksilver  from  that  of  a  dead 
white."  In  the  eclipses  of  1842  and  1851,  it  was  the  principal  circumstance  to  which 
the  attention  of  the  observer  was  directed ;  and  M.  Arago  was  able  to  perceive  what 
might  be' termed  tico  rings — the  inner  one,  or  that  which  h«>rdered  on  tlio  moon's  limb, 
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being  of  an  uniform  brightness,  whence  it  faded  imperceptibly  outwards^  and  tenni- 
nated  irregularly.  The  inner  ring  was  3'  or  4'  in  breadth ;  but  the  whole  breadth  of 
the  corona  was  differently  estimated  by  yarious  obserrers  as  8',  16%  and  25'  in 
breadth.  Several  luminous  jets  of  light  were  noticed  in  the  corona  by  M.  Stmye  at 
Lipesk,  OS  in  the  accompanying  diagram  (Fig.  135),  and  it  had  a  decidedlj  xadiatiog 

appearance ;  but 
the  obflervers  in 
France  only  per- 
ceived one  or  two 
radiations,  and  in 
some  cases  only 
the  brighter  or 
inner  ring  of  Ugbt 
was  obserred.  la 
the  eclipse  of  18^1 
the  same  discord- 
ance in]the  estima- 
tion of  the  breadth 
and  in  the  radi- 
ating aspect  of  the 
corona  existed  be- 
tween the  sevenl 
obseryera.  The 
direction  of  the 
diverging  rays  did 
not  seem  to  be  pe^ 

pendicular  to  the  circumference  of  the  moon,  but  were  greatly  inclined ;  and  M.  Ango 
noticed  that  at  one  part  of  the  corona  the  rays  were  entwined  within  each  other  lilce 
a  skein  of  thread  which  was  entangled. 

The  appearance  of  this  ring  of  light  is  now  generally  attributed  to  the  effect  of  the 
atmosphere  of  the  sun,  rather  than  to  anything  of  the  same  nature  in  the  case  of  the 
moon.  The  latter  was  the  supposition  of  Kbpler,  and  before  the  want  of  an  atmosphere 
to  our  satellite  was  established  by  numerous  proofs,  it  was  the  most  natural  one 
which  could  be  imagined  ;  although  the  great  breadth  of  the  ring  would  go  to  prove 
that  its  height  must  be  three  or  four  hundred  miles,  or  fifty  times  the  extent  of  the 
earth's  atmosphere.  No  such  dificulties  exist  in  the  case  of  its  being  supposed  to  he 
the  solar  atmosphere,  while  its  conccnti-ic  form,  in  regard  to  the  sun  at  the  different 
periods  of  observation,  tend  still  further  to  confirm  this  conjecture.  By  what  hi 
already  been  stated  of  the  photosphere  of  the  sun,  and  the  different  strata  which  EOS' 
round  its  surface,  as  well  the  appearance  of  the  zodiacal  light,  this  may  be  deemed  to 
be,  in  every  respect,  the  most  probable  conjecture.  The  corona,  however,  cannot  he 
identified  as  forming  the  zodiacal  light,  for  it  has  mostly  been  observed  of  a  circnltf 
form,  whilst  the  latter  is  elliptical ;  even  where  the  corona  has  been  noticed  to  he 
protuberant  on  opposite  sides,  the  greater  axis  does  not  take  the  direction  of  the  ecliptic. 
Bed  Flames. — In  the  eclipses  of  1715  and  1733,  when  the  sun  was  wholly 
eclipsed,  and  only  the  corona  was  visible ;  the  margins  of  the  moon  were  noticed  to 
be  marked  with  some  red  spots,  which  remained  visible  for  some  seconds.  Whilst 
observing  the  corona  in  the  eclipse  of  1842,  these  appearances  again  became  nasi'  | 
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pectedly  conspicuous  to  the  different  observers.  They  were  first  observed  a  few  seconds 
after  the  time  of  total  obscuration,  and  were  of  a  fine  crimson  tint—being  compared 
by  one  observer  to  the  peaks  of  the  Alps  illumined  by  the  setting  sun ;  and,  by  another, 
to  beautiful  sheaves  of  flames,  which  remained  visible  even  after  the  sun  had  emerged. 
The  length  of  the  most  considerable  was,  by  actual  measurement,  found  to  be  equal  to 
If  minutes  of  arc.  Only  two  or  three  isolated  prominences  were  perceived  by  the 
observers  stationed  in  the  south  of  France ;  but  to  MM.  Struve  and  Schidlowsky,  at 
liipeak,  these  rose-coloured  flames  burst  out  at  several  parts  of  the  lunar  disc — a 
very  large  portion  of  the  periphery  being  garnished  with  this  reddish  bordering.  M. 
Littrownoticed  that  they  changed  their  colour  as  the  eclipse  advanced,  being  at  first  white, 
then  rose  colour^  and  finally  violet,  passing  afterwards  in  a  reverse  order  through 
the  same  tints.  In  the  eclipse  of  1851,  these  crimson  projections  were  beautifully  seen, 
and  by  some  observers  in  g^cat  number.  Some  seen  were,  in  this  instance,  crooked, 
and  resembled  a  flame  bent  aside  by  the  wind,  but  their  colour  was  of  the  same 
remarkable  tint  as  in  the  former  case.  In  the  eclipse  of  1706,  observed  by  Captain 
Stannyan,  at  Bemc,  "a  blood-red  streak  of  light"  was  noticed;  and  Halley,  in  1715, 
saw  a  similar  **  long  and  very  narrow  streak  of  a  dusky  but  strong  red  light." 
Equally  with  the  corona,  these  appearances  have  been  conjectured  to  be  in  the  atmos- 
phere of  the  sun,  and  to  be  in  no  way  conneeted  with  the  moon.  Their  reddish  light 
would  seem  to  show  that  they  were  of  a  cloudy  nature,  resembling  our  terrestrial 
clouds,  and  absorbing  all  the  rays  of  the  spectrum,  with  the  exception  of  the  red  ones. 

Bailtfs  Beads. — ^In  some  cases  when  the  margin  of  the  moon  comes  in  contact  with 
that  of  the  sun,  instead  of  the  faint  and  regular  thread  of  light  which  would  be 
supposed  to  ensue  under  those  circumstances,  the  appearance  presented  is  a  broken 
glimmer  of  light,  which  was  first  noticed  by  the  late  Mr.  Baily,  who  compared  it  to 
beads  of  light.  These  are  noticed  in  total  as  well  as  annular  eclipses,  and  were  seen  by 
different  observers  in  the  last  eclipse  of  1851.  They  are  generally  regarded  as  being 
due  to  the  rough  and  mountainous  edges  of  the  moon  coming  in  contact  with  the 
margin  of  the  sun,  and  the  light  proceeding  from  the  latter  shining  through  the 
chinks  or  valleys  of  the  moon,  the  effect  being  greatly  increased  by  irradiation. 

Method  of  Observation, — "We  can  follow  the  different  phases  of  a  solar  eclipse 
without  the  help  of  a  telescope,  and  by  merely  making  use  of  a  piece  of  coloured  glass, 
that  colour  which  is  technically  termed  by  opticians  London  Smoke  being  the  most  con- 
venient for  this  purpose.  If  a  pin-hole  be  made  in  a  piece  of  card,  and  the  image  re- 
ceived on  a  screen,  the  disc  of  the  sun  and  the  various  phases  it  assumes  from  the  inter- 
position of  the  moon  likewise  become  very  apparent,  and  we  have  thus  a  still  more  simple 
method  of  following  the  phases  of  an  eclipse.  The  form  of  the  aperture,  or  the  pin-hole, 
is  of  little  consequence  in  this  instance,  provided  it  is  small.  This  is  apparent  from  the 
shadows  cast  by  a  tree  or  hedge,  through  the  narrow  interstices  of  which,  under 
ordinary  circumstances,  the  sun  will  throw  a  circular  image,  which  arriving  obliquely 
on  the  ground,  wUl  appear  of  an  elliptic  form.  But  at  the  time  of  an  eclipse  of  the 
son,  instead  of  those  regular  ellipses,  we  perceive  the  homed  or  crescent  appear- 
ance of  the  moon  at  the  first  or  last  quarter,  changing  according  to  the  phase  of  the 
«nn  at  the  time,  as  in  the  following  Figure.  The  peculiarity  which  the  shadow 
of  m  tree  presents  during  an  eclipse  is  very  apparent,  and  even  if  we  were  not  aware 
of  the  phenomenon  which  has  happened,  we  could  scarcely  fail  to  remark  the  curious 
«nd  regular  shapes  of  the  patches  of  light  which  are  cast  upon  the  ground  on  those 
oeoasions. 
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Applieatum  of  Fhoiography. — In  the  eclipse  of  May  26,  1854,  the  American  ^ 
astronomers,  assisted  by  AI.  Victor  Prevost,  took  seyeral  photographic  pictures  of  the  snn  " 
at  its  different  periods  of  eclipse,  and  it  may  probably  happen  that  during  the 


approaching  annular  one  of  March  15,  18-38,  the  aunulus  (which  iu  thid  case  lasts  fur 
fifteen  seconds)  may  continue  for  a  sufficient  length  of  time  to  imprint  its  image  on  a 
plate  of  the  requisite  degree  of  sensibility. 

OeeultatioHs  of  Stars  by  the  Moon. — The  occultations  of  stars  by  the  moon  are 
analogous  to  eclipses  of  the  sun,  and  their  graphical  projection  maybe  made  with 
some  slight  modifications  as  in  that  case,  and  the  same  formuloe  may  be  applied  to  their 
prediction.  All  the  planets  may  be  occulted  by  the  moon,  but  only  such  of  the  fixed 
stars  as  are  situated  near  the  ecliptic,  and  within  the  limits  of  the  moon's  latitude. 
Among  the  brighter  stars  which  can  suffer  eclipse — those  of  Regulus,  Spica,  AldebaraS} 
Antares,  and  the  group  of  the  Pleiades,  may  be  mentioned.  An  occultation  can  bt 
seen  at  many  different  parts  of  the  earth's  surface,  and  their  aceurate  obeerration 
forms  ono  of  the  best  means  of  determining  the  longitude,  being  much  more  exact 
than  the  occultations  of  Jupiter's  satellites,  as  the  moments  of  immersion  and  emer- 
sion are  instantaneous.  The  portion  of  the  earth's  surface  at  which  the  star  appean 
to  be  occulted  at  the  same  instant,  will  have  a  diameter  equal  to  that  of  the  moon,  and 
will  pass,  like  the  shadow  of  the  moon,  over  a  certain  zone  of  the  earth.  As  the  star 
has  no  perceptible  diameter,  there  can  be  no  penumbra  in  such  a  case,  even  if  the  light  of 
the  star  were  sufficient  to  cast  a  shadow.  This  circumstance  renders  the  calculation 
more  simple,  which  likewise  follows  from  the  star  having  neither  motion  nor  parallax. 
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ON  UNIVERSAL  GRAVITATION. 

Ail  experience  ihows  tliat  eyery  heary  bodj  requires  force,  or  effort,  or  support,  in 
order  to  prerent  its  falHng  to  the  earth.  What  are  called  light  hodies  also  require  a 
similar  counteracting  force  when  their  tendency  to  fall  is  not  resisted  by  the  presence 
of  the  air,  as  numerous  experiments  with  the  air-pump  have  sufficiently  proved. 

This  inflitence  of  the  saorth  upon  all  bodies  suspended  oyer  it,  and  which  renders 
fbroe  necessary  to  keep  them  suspended,  is  itself  called  force— the  foree  of  gravitation. 
Such  is  the  name  which  philosophers  give  to  the  hidden  cause,  whatever  it  be,  which 
forces  bodies  to  fill  to  the  earth  when  left  to  themselyes,  instead  of  remaining  sus- 
spended  wherever  they  may  be  placed,  or  moving  in  any  other  direction. 

That  this  force  of  gravitation  or  attraction  is  not  exclusively  expended  on  terrestrial 
bodies,  was  a  doctrine  entertained  by  several  astronomers  before  Newton's  time. 
Kepler  had  a  steady  conviction  that  the  moon  gravitated  towards  the  earth ;  but  he 
conceived  that  some  additional  force,  animal  or  spiritual,  was  in  operation  to  check 
the  gravitating  influence,  «nd  prevent  the  two  bodies  from  rushing  into  collision. 

It  was  reserved  for  Newton  to  prove  that  the  one  single  principle  of  gravitation, 
combined  with  one  single  impulse  given  to  jeach  planet,  was  sufficient  to  account  for 
all  the  celestial  movements,  and  to  render  clear  and  intelligible  the  entire  mechanism 
of  the  heavens. 

In  addition  to  the  first  distinct  enunciation  of  the  principle^  Newton  also  discovered 
the  lato  of  gravitation.  The  principle  is,  that  all  particles  of  matter  mutually  attract 
one  another ;  the  law  is,  that  the  intensity  of  the  attraction  varies  inversely  as  the 
square  of  the  distanee  at  which  it  acts. 

To  verify  these  important  propositions,  observaitions  of  'a  peculiar  kind  were  indis- 
pensable. These,  fortunately,  had  already  been  supplied  by  Kepler ;  they  are  em- 
bodied in  the  three  following  statements,  which  have,  however,  a  greater  degree  of 
generality  than  Kejder's  observations  strictly  warrant.  His  laws,  as  they  are  called, 
thus  generalized,  have  been  mentioned  at  page  261 :  it  is  convenient  to  repeat  them 
here. 

1.  If  a  line  be  supposed  to  connect  any  planet  with  the  sun,  this  line  will  describe 
equal  areas  in  equal  times. 

2.  The  planets  revolve  about  the  sun  in  elliptie  orbits,  the  sun  occupying  one  focus 
of  the  ellipse. 

3.  The  squares  of  the  times  in  which  any  two  planets  perform  their  revolutions 
about  the  sun,  are  as  the  cubes  of  their  mean  distances  from  it. 

The  first  of  these  three  laws  is  not  peculiarly  connected  with  astronomy,  and  is  of 
no  special  importance  in  establishing  the  physical  theory  of  the  planetary  motions  ; 
for,  as  shown  by  Newton,  it  is  a  universal  truth  that  a  body,  moving  round  a  point  of 
attraction  in  any  orbit  and  attracted  by  any  force,  must  describe  equal  sectorial  areas 
in  equal  times.  This  truth,  therefore,  is  quite  independent  of  every  specified  law  of 
attraction,  and  is  irrespective  of  all  considerations  as  to  the  distance  of  the  revolving 
body,  or  the  form  of  its  orbit.  If  only  the  direction  of  the  force  be  towards  a  fixed 
pohit,  the  equable  description  of  areas  necessarily  has  place ;  and,  conversely,  if  this 
latter  have  place,  the  direction  of  the  attractive  force  is  always  towards  the  same  fixed 
point.    This  is  proved  as  follows,  after  the  manner  of  Newton :— 
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Suppo&e  that  a  pliuiot,  moYing  at  aoj  disUacc  from  the  sun,  be  subjected  in  the 

i[iSiieac<^  of  an  attrsetiTe  force  tending  to  dr&w  it  dlrectlj  t^  tbat  body  ;  and  imagiuB 

this  forcer  inst«3fld  of  ncting  contlDuouJslf » to  set  by  sticoeaaiyo  imptilte&r  after  ceitim 

equal  interyak  of  tiine.  Idit  A  B  (Fig.  a)  he  tbe  path  deacnbed  by  the  planet  dimog 
tjfne  of  thase  interval^  which  path  will,  of  course,  be  a  etraigtt 
line,  HI  nee  in  descrlhrng  it  ih&  plimet  is  not  Aeted  upon  hy  snj 
force. 

AmTGd  at  the  point  E,  the  attrftetiTe  force  at  S,  acting  oerely 
aa  on  instantaneous  impulse,  changes  hoth  I  ho  dircistion  and  yelo* 
city  of  tho  planet,  which  tnke^  aiiother  rectilinear  path,  BC, 
described  in  an  interval  of  time  eq^ual  to  the  foittieT  inteiral  |  at 
the  eud  of  which  another  impxilae,  in  the  direciion  C  S,  i^  giTen 
to  the  planet  ^  and  so  on. 

Kow^t  confining  our  attention  for  the  present  to  ^e  two  secto- 
rial arens  (in  this  caec  the  tw^o  td  angles  S  A  E,  SBC)  described 
in  the  first  two  intervuls,  we  readily  lee  that  they  must  be  e^ttoL 
For  if  no  fresh  impulse  bad  been  given  to  the  planet  when  at  B 
it  would  have  proceeded  onwards  from  B  to  M,  lo.  the  contiBUi- 
tion  of  A  B,  and  in  the  second  ioterval  of  titne  would  hsn 
described  B  M  equal  to  A  B ;   the  impiilae  from  S,  howerer,  if 

acting  alonoT  would  have  brought  the  planet  to  some  point  N  in  B  S,  and  thia  impnlse, 

combined  with  that  whi^^h  acting  alone  would  have  brought  it  to  M,  causes  it  to 

deaetibe  the  diagonal  B  C  of  the  paraUelogrmn  M  N,  aa  the  fi^at  prioeiplea  of  mechaniw 

show. 

Now  M  0  being  pamllol  to  B  S,  the  two  Iriingles  BUS,  B  G  S  qt^  equal  (Em 

Prop.  37,  B.  i.) ;  hut  tho  triangle  A  B  S  is  alao  equal  to  the  triangle  B  M  S ;  hent^  tlw 

trituigle  A  B  S  is  equal  to  the  triangle  B  C  S ;  so  that  in  the  equal  times  the  tqaal 

trianglca  ABS,  BCS  are  described,  however  intense  or  however  feeble  the  impulse 

from  S  upon  the  planet  at  B  may  he- 

By  increasing  die  number  of  intervals  of  timCj  and  the  corresponding  impulses  from 

S,  the  path  of  the  planet  would  be  represented 

by  tbe  sidos  of  an  irregular  plane  polygon^  as  in 

the  diagram  (Fag.  L);   and  however  these  sides 

may  difi'er  in  length  and  direction,  it  is  plain, 

from  what  is  shown  above,  that  they  are  the 

boaca  of  f^uat  tHmgkt  of  wbieb  the  point  S  ta 

the  common   vortex.     As  each  triangle  is  de- 

seribed  in  the  Hamo  time,  by  the  line  joining  the 

planet  and  the  sun,  it  follows  that  equal  areas 

are  always  described  by  this  litis  in  equal  times. 
It  ia  obvious  that  this  conclusien  has  nothing 

to  do  with  the  length  of  time  which  baa  been 

supposed  to  intervene  between  the  impulsea 

upon  the  jklanet,  only  upon  the  equality  of  the 

iDtcirvalfi,      Wo  may  therefore   imagine   these 

equal  ialervalfl  to  be  as  small  as  we  please,  and 

therefore  the  impulses  to  succtied  one  another 


Mg.fr. 


with  thfi  utmost  rapidity,  and,  in  fact,  to  unite  in  one  continuous  force ;  in  whioh  c 
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the  sides  of  the  polygon,  becoming  shorter  and  shorter,  must  unite  in  one  continuous 
plane  curve,  the  centre  of  attraction  being  itself  in  that  plane.  We  infer,  therefore, 
that  a  planet,  moying  in  yirtue  of  a  primitiye  impulse,  and  diyerted  from  its  rectilinear 
path  by  an  attractiye  force  residing  in  the  sun,  describes  a  curvilinear  orbit  round  the 
source  of  attraction,  such  that  equal  sectorial  areas  are  generated  by  the  radiua  vuior  of 
the  planet  in  equal  times. 

Howerer  accordant  this  description  of  equal  areas  in  equal  times  may  be  with 
actual  obserration,  ire  could  not  fairly  infer  that  the  centre  of  force  is  necessarily  in 
the  sun,  unless  it  were  further  proyed  that  such  equal  areas  could  not  be  described  if 
the  centre  of  attraction  were  situated  elsewhere  than  at  the  common  yertex  of  the  equal 
sectors.  And  this  may  be  done  thus : — If  the  force  acting  on  the  planet  when  at  B 
(see  Fig.  a,  page  360)  had  a  direction  out  of  the  line  B  S,  B  N  would  make  some  angle 
with  B  S,  and  C  H,  which  is  parallel  to  B  K,  would  not  then  be  parallel  to  B  S ;  and 
the  two  triangles  B  C  S,  B  M  S,  on  the  same  base  B  S,  would  haye  their  yertices  at 
unequal  distances  from  that  base ;  so  that  the  surfaces  of  those  triangles  would  be 
unequal.  The  triangle  A  B  S,  always  equal  to  B  M  S,  would  no  longer  be  equal  to  the 
triangle  B  C  S ;  nor,  consequently,  would  the  triangles  A  B  S,  B  C  S,  G  D  S,  &c.  (Fig.  ^), 
described  by  the  radius  yector  in  equal  times,  be  equal.  We  conclude,  therefore, 
that,  1st,  if  the  force  acting  on  a  planet  is  constantly  directed  towards  the  sun,  the 
areas  described  by  the  straight  line  joining  the  planet  and  sun  are  proportional  to  the  / 
times  of  describing  them ;  and,  2nd,  if  the  force  which  acts  on  the  planet  be  not  directed 
towards  the  sun,  the  proportionality  of  the  sectorial  areas  to  the  times  does  not  exist. 
The  first  law  of  Kepler,  therefore,  warrants  the  conclusion  that  the  attractiye  force 
acting  on  a  planet,  is  constantly  directed  towards  the  sun ;  and  this  is  the  only  conclu- 
sion deriyable  fix)m  that  law.  As  respects  the  intensity  of  the  attractiye  force — ^how  it 
yaries  with  the  distance  of  the  planet,  or  whether  it  yaries  at  all,  are  particulars  of 
which  nothing  can  be  Icamt  from  the  obseryed  fact  of  the  equal  description  of  areas ; 
for  as  the  preceding  reasoning  shows,  equal  areas  are  always  [described  about  a  point, 
provided  only  the  force  acting  on  the  moving  body  be  in  the  direction  of  the  line  from 
the  body  to  the  point,  however  the  intensity  of  the  force  may  vary.  But  if  the  body 
move  in  a  circle  round  the  centre  of  attraction,  then  we  may  infer,  from  the  law  of 
equal  areas,  in  equal  times,  that  its  motion  must  be  uniform ;  for  only  equal  arcs  of 
circles  can  belong  to  equal  sectors,  and  from  the  constancy  of  the  distance,  or  radius 
vector,  we  cannot  but  infer  the  constancy  of  the  attractive  force. 

Kepler's  other  two  observed  laws  of  planetary  motion  evidently  imply  a  certain 
law  of  attractiye  force.  If  the  attraction  be  such  as  to  cause  the  planet  to  describe 
an  elliptic  orbit,  any  alteration  in  the  force  acting  upon  the  planet  at  any  particular 
point  in  that  orbit,  would  necessarily  alter  its  path.  And  if  two  planets  revolve 
round  a  centre  of  force,  and  it  be  observed  that  their  mean  diBtances  from  that 
centre  and  their  times  of  revolution  bear  the  same  relation  to  one  another,  a  uniform 
law  of  force  is  again  implied.  Let  us  endeavour  to  discover  what  this  law  is  from 
Kepler's  third  proposition,  namely,  that  the  squares  of  the  times  are  as  the  cubes  of  the 
mean  distances. 

It  will  be  obseryed  that  the  enunciation  of  this  truth  involves  no  condition  in  refer- 
ence to  the  eeeentridties  of  the  planets ;  the  proposition  should  hold,  therefore,  for  all 
eccentricities,  and  evei)  for  eireles,  in  which  the  eccentricities  are  zero.  For  simplicity, 
then,  we  shall  consider  the  case  of  planets  reydving  in  circular  orbits,  and  con- 
sequently, as  shown  above,  moving  uniformly;  and  shall  thence  endeavour  to  dis- 
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cover  the  law  of  force  necesfary  to  jostifj  the  proportion  tiiat  the  •q[iimre«  of  the  times 
of  revolution  are  te  the  cubes  of  the  radii  of  the  circular  orbita. 

The  intensity  with  which  a  force  acts  upon  a  body  is  measured  by  the  addition  it 
imparts  to  the  body's  velocity  in  the  direction  of  that  force  in  a  seoond  of  time.    If  no 
force  act,  no  addition  can  be  made  to  velocity ;  if  a  body  be  at  rest,  or  more  unifiniiilj 
in  a  straight  line,  we  infer  at  once  that  it  is  not  acted  upon  by  any  force.    If  a  fbice 
act  continuously,  and  in  the  same  direction,  it  must  generate  equal  increments  of  velo- 
city in  equal  times ;  and  the  motion  of  the  body  is  thus  said  to  be  uniformly  acoelerated. 
It  must  be  borne  in  mind,  however,  that  the  force  must  act  with  the  aame  intensity 
upon  the  body  throughout.    The  attraction  of  the  eartii,  or  terrestrial  gravity,  may  be 
j    regarded  as  such  a  constant  force  in  all  our  experiments  and  observatiana  respecting 
;    bodies  falling  to  its  surface,  beoouse  these  observations  and  experiments  can  never  be 
I    made  in  a  region  so  remote  from  the  surface  as  to  render  the  variation  in  the  force  of  the 
I    earth's  attraction  sensible. 

If  a  body  fall  from  rest  to  the  surface  of  the  earth,  it  will  acquire  a  velocity  at  the 
end  of  the  first  second,  which,  as  stated  above,  is  the  measure  of  the  earth's  attractioa; 
throughout  this  second,  the  velocity  increases  uniformly  from  nothing  up  to  the  final 
velocity  which  measures  the  force.  The  velocity  midway  is,  therefore,  half  this  final 
velocity ;  and  if  the  body  were  to  move  umformly  with  this  midway  velocity,  it  is  pretty 
obvious  that  in  one  second  it  would  describe  the  same  length  of  path  as  in  falling  from 
rest  as  above  supposed. 
I  The  length  of  path  in  uniform  motion  is  evidently  found  by  multiplying  the  unifonn 

I  velocity  (the  length  passed  through  in  a  second)  by  the  number  of  seconds;  that  is, 
calling  tho  length  of  space  »,  the  velocity  r,  and  the  number  of  seconds  /,  we  hsTe 
«  =  v  ^,  or  if  ^  =  1,  #  =  r.  Now,  if  v  be  the  final  velocity  at  the  end  of  the  second  of 
accelerated  motion,  adverted  to  above,  and  S  the  space  actually  passed  through  in  that 
second  ;  then,  putting  \  V  for  r,  and  S  for  #,  we  have  S  r=  J  V ;  therefore  V  =  2  S ;  thtt 
is,  the  final  velocity,  or  the  measure  of  the  force  of  gravity,  is  twice  the  space  described 
by  a  body  falling  from  rest  in  the  first  second  of  timo. 

The  same  conclusion  applies,  however  remote  from  the  surlBce  of  the  earth  the 
falling  body  be  conceived  to  be  placed ;  the  intensity  of  gravity  tkert  would  still  be 
measured  by  double  the  space  through  which  the  body  would  foil  from  rest  in  one 
second,  for  during  so  short  a  time  the  force  may,  as  before,  be  considered  as  consttnt 
And  a  like  conclusion  applies  whatever  centre  of  force  be  considered ;  the  measure  of  its 
intensity  on  a  body  anywhere  subjected  to  its  action,  will  always  be  accurately  expressed 
by  twice  the  space  through  which  the  body  fiedls  towards  that  centre  in  one  second. 

Let  the  circle  in  Fig.  e  represent  the  path  of  a  planet  revolving  about  the  sun  at 
S.  When  at  A,  the  planet  is  actuated  by  a  velocity  in  the  direction  of  the  tangent 
A  M,  and  in  this  direction  it  would,  of  course,  continue  to  move  uniformly  if  no  force 
diverted  it  from  its  path.  But  it  is  acted  upon  by  a  force  which  is  constantly  directed 
towards  the  sun,  S,  and  which  tends  to  draw  it  towards  that  body,  or  to  defleet  it  moie 
and  more  from  the  tangent.  It  may  thus  be  said  to  fall  towards  the  sun,  just  as  a 
body  near  the  earth  projected  forwards  in  a  straight  line,  A  M  (Fig.  a),  £alls  towardi 
the  earth's  surface,  the  actual  motion  in  eithc  case  being  in  a  curved  line,  A  B.  Let 
A  B,  on  the  orbit  of  the  planet,  be  the  portion  of  that  orbit  described  in  one  second  d 
time  ;  the  distance  D  B  will  be  that  which  the  planet  has  fallep,  from  its  wonted  path, 
towards  the  sun,  in  this  second  of  time,  and  the  double  of  D  B  will  measure  the  attiae- 
tiye  force  of  the  sun  at  that  difitaxiQe. 
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Now,  to  find  Uie  length  of  D  B  we  proceed  as  follows  :-Fn>m  the  point  B  draw 
B   E    perpendicular  to    the  r  n 

radius  S  A;  draw  also  from 
B  a  straight  line  tp  the  point 
A'  of  the  orbit  diametrically 
opposite  to  the  point  A,  and 
make  A  E  equal  to  D  B.  It 
is  plain  that  the  arc  A  B 
differs  insensibly  from  its 
chord,  and  may  be  replaced  by 
it ;  so  that  the  angle  A  B  A', 
^being  in  a  semicircle,  is  a 
right  angle.  In  the  right- 
nngled  triangle  A  B  A',  we 
have  the  proportion 
A  E  :  A  B  : :  A  B  :  A  A' 

(Euc  8ofvi.) 
for  B  E  cannot  differ  sensibly 
from  parallelism  with  D  A, 


therefore,  ~?  = 
'A  B 


AB 
"A  A' 


Fig.  eL 


.•.AE  =  4-?'^^^^ 
A  A' "^2^8 
As  the  arc  A  B  is  the  portion 
of  the  orbit  described  by  the  planet  in  a  second  of  time,  it  measures  the  uniform  velo- 

H ^  p  ji     city  with  which  it  moves ;  and  we  see  that  the  distance 

A  E,  or  B  B,  which  the  planet  falls  in  that  time  to- 
wards the  sun,  is  found  by  dividing  the  square  of  the 
velocity  by  twice  the  radius  of  the  orbit.  We  have 
seen  that  the  attractive  force  of  the  sun,  acting  at  that 
distance,  is  measured  by  double  the  distance  fallen  in  a 
aeeond.  The  intensity  of  the  force,  therefore,  at  the  planet,  is  expressed  by  the  quotient 
of  the  square  of  its  velocity  by  tiie  radius  of  the  planet's  orbit. 

We  may  now  compaire  together  the  intensities  of  the  forces  which  act  at  different 
distances,  or  on  diffennt  planets,  by  means  of  the  third  law  of  Kepler,  In  order  to  thist, 
let  us  suppose  that  planets,  moving  uniformly  in  circles  round  the  sun,  be  situated  at 
distances  from  that  central  body  proportional  to  the.numberg 

1,    2,    3,    4,    6,  &c (A). 

To  obtain  the  velocity  of  one  of  these  planets  in  its  circular  orbit,  we  must  divide 
the  length  of  the  circumference  by  the  number  of  seconds  occupied  in  describing  it ;  and 
to  get  the  square  of  the  velocity,  we  must  divide  the  square  of  the  circumference  by  the 
square  of  the  number  of  seconds.  But  the  squares  of  circumferences  are  as  the  squares 
of  their  radii,  that  is,  in  the  present  case,  as  the  numbers 
1,    4,    9,     16,     25,  &c. 

Also,  from  the  third  law  of  Kepler,  the  squares  of  the  timet  of  revolution  are  as  the 
cubes  of  the  radii  of  the  orbits,  that  is,  in  the  present  case,  as  the  n.umb^^ 
h    8,    27,    64,    126,  &c 
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The  squares  of  the  yelocities  of  the  aeveral  planets  will,  therefore,  be  related  to  one 
another  as  the  numbers 

4        9        16        25 
^'      8'      27'      64'      126'*^* 
Or  as  the  numbers 

''     ?      1'       V        J.     &«....     .     (B) 

And  as  the  force  acting  on  each  planet  is  measured  by  the  square  of  its  velocity 
divided  by  its  distance,  we  shall  evidently  discover  the  law  by  which  tbe  intensity 
varies,  from  one  planet  to  another,  by  dividing  the  several  numbers  (B)  by  the  corres- 
ponding numbers  (A) ;  that  is  to  say,  the  forces  at  the  several  distances  (A)  will  be  as 
the  numbers 

1     1     1      L      L 

'  4'  9'  16'  26' 
or  inversely  as  the  squares  of  the  distances  (A).  And  in  this  way  is  the  law  of 
solar  attraction  established ;  and  not  only  does  this  follow  from  the  third  law  of  Kepler, 
but  this  law  itself  may  be  shown  to  be  a  necessary  consequence  of  the  law  of  force  just 
established.  For,  since  the  length  of  orbit,  divided  by  the  uniform  Telocity,  gives 
the  periodic  time  in  seconds,  and  that  circumferences  vary  as  their  radii,  the  periodic 
time  varies  as  the  radius  divided  by  the  velocity.  Hence,  calling  the  periodic  time  P, 
the  radius  E,  the  velocity  v,  and  tbe  force  F,  we  have  in  symbols, 

Pa?.-.  P2a^^     Nowr=^l 

1         ©'1         R* 

If,  then,  F  a  jTs  .*.  p  «  TTj  .*.  -2  °^  ^'  .'•  ^^  «  R' ;  bo  that  if  the  force  vary  in- 
versely as  the  square  of  the  distance,  and  bodies  move  round  tbe  common  centre  of 
attraction  in  circles  of  different  radii,  the  squares  of  the  periods  of  revolution  will  be  to 
one  another  as  the  cubes  of  the  distances. 

Having  proved  that  the  relation  observed  by  Kepler  between  the  periodic  times 
and  the  distances  was  a  necessary  consequence  of  the  above-named  law  of  gravitation, 
Newton  sought  to  determine  whether  the  forms  of  the  planetary  orbits  were  not  also  i 
necessary  consequence  of  the  same  law ;  and  he  accordingly  found  that,  under  the 
influence  of  that  law  of  attraction,  it  was  impossible  for  a  body  to  move  in  any  other 
curve  than  a  conic  section ;  that  is  to  say,  the  orbit  must  be  either  an  ellipse  (of  which 
a  circle  is  a  particular  case),  a  parabola,  or  an  hyperbola.  This  may  be  proved  as 
follows : — 

Let  V  be  the  velocity  in  a  circle  of  radius  R ;  v'  the  velocity  in  a  parabola,  ellipse, 
or  hyperbola,  whose  radius  of  curvature  at  perihelion  is  R' ;  then 

^  =  R— "F"'  .•.  B.'  =  R-^ 

Now  R'  is  what,  in  the  doctrine  of  the  conic  sections,  is  called  the  semi-parameter 

of  the  curve ;    and  R  being  the  distance    of  the  focus  from   the    vertex  of  the 

curve,  [it  is  also  proved  in  that  doctrine  [that  the  curve  will  be   a  parabola,  an 

ellipse,  [or  an  hyperbola,  according  as  R'  is  =  2  R,  ^  2  R,  or  7"  2  R.    Hence,  if 

«'*  v**  t^ 

— J-  =  2,  the  orbit  is  a  parabola ;  if  —5-  Z  8,  the  orbit  is  an  ellipse ;  and  if  -^  7  2, 

the  orbit  is  an  hyperbola.    And  as  one  or  other  of  t^ese  conditions  must  necessarily 
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have  place,  whateyer  be  the  Telocity  9\  it  follows  tliat  the  planets  and  comets  must  all 
move  in  one  or  other  of  these  three  curves. 

The  above  established  law  of  force  is  thus  competent  to  account  for  the  revolutions 
of  all  the  planets  and  comets  round  the  sun,  as  also  for  the  motions  of  those  comets  in 
the  system,  if  any  there  be,  which  describe  parabolic  or  hyperbolic  orbits,  and  which 
consequently  proceed  onward  in  space  continually  and  never  return. 

The  same  law  of  force  accounts,  in  like  manner,  for  the  revolutions  of  the  satel- 
lites round  the  planets  to  which  they^  belong,  for  these  all  describe  elliptic  orbits. 

This  general  statement,  however,  is,  in  strictness,  only  an  approximation  to  the 
truth,  although  an  approximation  so  close  as  to  be  but  very  little  at  fault  in  explaining 
the  great  phenomena  of  the  planetary  motions,  and  therefore  regarded  by  Kepler  as 
strictly  accurate.  In  the  foregoing  reasonings  the  attracting  body  has  been  supposed  to 
be  absolutely  fixed  in  space.  This  is  not  entirely  consistent  with  Newton's  law  of 
univeradl  gravitation^  according  to  which  all  bodies  in  the  universe  mutually  attract  one 
another  with  a  force  directly  proportional  to  their  masses,  as  well  as  inversely  pro- 
portional to  the  squares  of  their  distances.  On  account  of  the  masses  of  the  planets 
being  very  small  in  comparison  with  the  mass  of  the  sun,  the  rejection  of  the  planet's 
attraction  on  the  latter  body  involves  an  error  comparatively  insignificant. 

''  It  is  true,  that  when  observations  are  carried  to  a  high  degree  of  precision,  and  when 
each  planet  is  traced  through  many  successive  revolutions,  and  its  history  carried  back, 
by  the  aid  of  calculations  founded  on  these  data,  we  learn  to  regard  the  laws  of 
Kepler  as  only^r*^  approximations  to  the  much  more  complicated  ones  which  actually 
prevail ;  and  that  to  bring  remote  observations  into  rigorous  mathematical  accordance 
with  each  other,  and  at  the  same  time  to  retain  the  extremely  convenient  nomencla- 
ture and  relations  of  the  Elliptic  System,  it  becomes  necessary  to  modify,  to  a 
certain  extent,  our  verbal  expression  of  the  laws,  and  to  regard  the  numerical  data  or 
tUipUe  elements  of  the  planetary  orbits  as  not  absolutely  permanent,  but  subject  to  a 
series  of  extremely  slow  and  almost  imperceptible  changes.  These  changes  may  be 
neglected  when  we  consider  only  a  few  revolutions ;  but  going  on  from  century  to 
century,  and  continually  accumulating,  they  at  length  produce  considerable  departures 
in  the  orbits  from  their  original  state." — JECerseheL 

From  the  principle  of  universal*  gravitation,  the  third  law  of  Kepler,  from  which 
the  law  of  attiractive  force  has  been  deduced  above,  requires  to  be  modified  as  follows : — 
The  cubes  of  the  mean  distances  of  the  planets  from  the  sun  are  as  the  products  of  the 
squares  of  the  periodic  times,  by  the  sum  of  the  masses  of  the  attracting  and  attracted 
bodies.  In  the  original  enunciation  of  the  law,  the  mass  of  the  attracted  body  was 
neglected ;  the  trifiing  amount  of  error  thus  introduced — seeing  that  even  Jupiter,  the 
largest  of  the  planets,  has  less  than  a  thousandth  part  of  the  matter  contained  in  the 
sun— is  evidently  such  as  to  render  the  departure  from  strict  accuracy  too  minute  to 
be  detected,  except  by  delicate  observations  extended  over  a  long  period  of  time. 

Peztuzbatlons  of  the  Planetary  Motions. — In  consequence  of  the  law  of 
universal  gravitation,  each  planet  exercises  an  influence  over  every  other  planet ; 
these  mutual  disturbances  necessarily  modify,  in  a  slight  degree,  as  just  noticed,  the 
orbits  of  all,  and  occasion  what  are  called  perturbations  and  inequalities.  But  all  these 
are  fully  accounted  for  and  satisfactorily  explained  by  referring  them  to  Newton's 
great  principle.  Calculations  founded  upon  this  principle  enable  us  to  predict  the 
position  of  a  planet  at  any  future  time  with  a  degree  of  accuracy  that  appears  little 
short  of  marvellous,  when  we  consider  the  complication  involved  in  the  mutual 
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MAMnorTHe  flastri. 


efiod 


mXi*M»  id  tiM  miM  wad.  ail  tLe  planets  os  one  aaoitker.    "Tbe  awiiflB  cf  Jt^ataE,  inr 
iiuAwoioe,  i«  tu  periM^j  calcuIiLted,  that  aftrooooMn  hai^ 
lyau4L  (tMr  tiiue  «.t  viiidi  tt  vill  pan  the  meridian  of  aoj 
tiM:  prtioicClua  tfjmet  witbin  half  a  aemnd.** — .lary. 

Bk'^  pbf  «icaX  Uv  baa  erer  baen  aoondatad  viddi  long  and  caRfiil 
<x;upl4fUrJy  veri&tsu  tbaa  Nevtoi/a  Uv  of  iiiUT«nal  giatitalion,  nie 
wawnw  of  tb«  plauieta  betDf^  kuovn,  tba  effect  of  the  attradionB  of  dl,  is  noffiftinf  *& 
paUi  of  each,  can  be  eotreetlj  aaoertainad,  tfaoogh  only  bf  aid  of  iiiiiitii^Btliiiiii  of  fte 
■Met  diffi/vtilt  and  rwx^odite  ehanefar ;  but  one  of  tiie  moat  ifiwaitaliilr  iliialir'  -  ta 
Um;  Irutii  of  tiia  uoiTetaal  prindpla  U  that  wliidi  baa  been  farniaheil  m  oar  9VB  Jb^by 
Mr.  Aduttu  of  Cambridge.  Knoving  that  there  were  eeitain  bbbulII  pcitnibaliaaM  af  ffae 
orbit  of  t'rauua  that  the  eomUnedattraetiona  of  all  theodier  planeta  of  the  a^flten  were 
iit«uifici4rut  to  ftocount  for,  and  fdlj  confiding  in  the  oompefeney  of  XevtamV  lav  te 
eK|iUifi  KYvrj  moremeiit  of  the  bearealf  bodiee,  he  had  the  boUneaa  to  pvoDomee  4at 
n  yet  uiiut:*!n  plaiiijt  exi<t4;d  bejond  the  bounds  of  irhat  had  till  then  been  regjudei  ai 
i\ui  r«Uioteet  yUjxtt  in  our  syMtem ;  and,  taking  the  unaccoanted4br  peitiubaliona  of 
UriuiuK  ttn  data,  }ui  bad  science  enough  to  assign  the  jdaee  where,  at  m  apeciHeJ  fiBe, 
tiM:  ntiw  planet  would  be  found.  An  eminent  French  mathematidan,  Jjewenim,  hai 
indtfpeudtfutly,  and  but  a  short  time  afterwards,  arriTed  at  a  similar  eundttBOD ;  and 
uptm  tranamitUitg  tlie  necessary  inatructioos  to  a  German  astronomer,  Galle,  tbe  pre- 
dietud  plaiiet,  Ncptuuo,  was  revealed  to  his  telescope  on  the  eyening  of  the  day  that  the 
communication  reached  him. 

One  of  the  most  important  results  to  which  the  Tarioos  researdies  into  fiieplanetDT 
perlurbations  hsTe  oonducted  is,  that  the  major  axes  of  the  yariable  elliptic  oibits  alwvfs 
pruiutrve  the  same  Talues.  The  disturbances  to  which  each  planet  is  aabjected,  by  the 
action  of  the  others,  affoct  all  the  elements  of  its  elliptic  path,  except  its  mi^  axis. 
which  throughout  every  other  change  continues  itself  invariable ;  this  inTaiiability 
iimurei*  ut  Uie  same  time  the  invariability  of  the  period  of  revolntion,  agreeably  to  fte 
third  law  of  Keplor.  And  thus  the  stability  of  the  system  is  secured.  We  are  indebted 
for  this  great  truth  to  tho  genius  and  researches  of  Lagrange. 

Maaaea  of  the  Planets  as  compajrad  with  tho  S«n. — The  mass  of  a  planet 
is  ancet'tainud  by  observing  tho  disturbances  which  its  attraction  produces  in  the  orbits 
uf  otlitir  planets,  or,  if  it  have  a  satellite,  by  determining  the  force  exerted  upon  tbat 
HutelULu,  Tho  uioss  of  tlio  sun  being  represented  by  unit,  the  masses  of  the  planetB 
have  boon  estimated  as  in  tho  following  table : — 


Naiuck  uf  tho  PlansU. 

MaMOB. 

Names  of  the  Planet*. 

Masses. 

1 

1 

Mercury  .    .    . 

2026810 

Jupiter      .     . 

1050 

1 

1 

Venus       .    .    . 

401841 

Saturn .    .    . 

3500 

1 

1 

Eaith       .     ,     . 

354936 

Uranus      .    . 

24000 

1 

Neptune    .     . 

1 
14446 

Mars    .... 

2080837 
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It  must  be  u&dentood  that  the  maat  of  a  body  is  not  the  same  thing  as  its  bulk  or 
ToluBie.  The  mass  is  estimated  hj  Tolume  and  density ;  if  one  body  hare  only  half  the 
Tolame  of  another,  bat  be  twice  as  dense,  their  masses  are  equal.  If  a  planetary  body 
be  so  minute  in  yoiume,  or  so  feeble  in  density,  as  to  render  its  attractive  energy  too 
small  to  perturb  sensibly  the  motions  of  the  other  planets,  the  mass  of  that  body  can- 
not be  determined.  On  these  accounts  there  is  still  some  uncertainty  as  to  the  mass  of 
Mercury ;  and  respecting  the  masses  of  the  small  planets  between  Mors  and  Jupiter — 
asteroids,  as  they  have  been  called— >W6  know  nothing.  In  like  manner,  as  respects 
the  comets,  all  we  know  is,  that  their  masses  must  be  exceedingly  small ;  that  is,  that 
they  contain  bat  a  very  small  quantity  of  matter,  as  they  produce  no  appreciable  dis- 
turbance of  the  planetary  moToments ;  indeed,  it  has  happened  that  a  comet  has  crossed 
among  the  satellites  of  Jupiter  without  occasioning  any  observable  disturbance  even  in 
the  motions  of  those  comparatively  small  bodies. 

Before  concluding  this  section  on  the  principle  of  universal  gravitation,  we  must 
derote  a  short  article  to  one  of  the  most  noticeable  effects  of  that  principle  on  our  own 
planet,  the  phenomena  of  the  tides. 

Th«  Tides, — The  principal  physical  cause  of  those  periodical  oscilla£lons  of  the 
surfikce  of  the  ocean  cdled  tides  is  the  attraction  of  the  moon ;  the  sun  contributes  to 
the  general  results,  but  in  a  far  less  degree. 

Suppose  the  earth  were  entirely  covered  with  water :  from  the  mutual  attraction  of 
all  its  parts,  its  surfsce  would  assume  an  exactly  spherical  form.  Its  rotation  on  its 
axis,  however,  as  at  present,  would  cause  the  equatorial  parts  to  recede  from  the 
centre,  and  to  bulge  out. 

This  receding  ^rom.  the  centre,  of  the  equatorial  regions  of  the  earth,  is  caused  by  a 
new  force,  opposed  to  that  of  gravitation,  being  brought  into  operation  by  the  planet's 
rotation.  It  is  called  the  centrifugal  foroey  from  its  imparting  a  tendency  in  the  outer 
particles  of  the  rotating  mass  to  fly  off  or  reoede  from  the  centre.  Just  such  a  tendency 
would  be  excited  if  the  earth  were  at  rest,  and  an  attractive  external  influence  wei^ 
tmiformly  diffused  round  its  equatorial  regions,  and  penetrating  only  to  a  small  depth 
below  the  surface.  If,  however,  the  external  attractive  influence,  instead  of  being 
thus  diffused  as  a  ring  round  the  earth,  were  confined  to  a  limited  place,  the  bulging 
out  of  the  waters  would  of  course  be  conflned  to  the  place  immediately  under  the 
attracting  body ;  and  if  the  force  of  attraction  extended  to  the  centre  of  the  eaith,  the 
devation  of  the  waters  would  evidently  be  due  not  to  the  force  acting  on  their  surface, 
but  only  to  t^e  difference  of  the  forces  acting  on  the  surface  and  on  the  centre.  The 
uraters  would,  as  it  were,  bo  drawn  away  from  the  earth  by  the  ^influence  of  this 
difference. 

If  the  attractive  force  of  the  external  body  extended  to  the  opposite  part  of 
the  earth's  surface,  then  the  force  on  the  centre  being  greater  than  that  on  the 
remote  surface,  the  earth  would,  as  it  were,  be  drawn  away  from  the  waters  at  the 
farther  surface^  and  there  would  in  consequence  be  also  a  bulging  out  there ;  and  as 
the  difference  of  the  forces  on  the  centre  and  near  surface  must  be  very  nearly  the 
same  as  the  difference  of  the  forces  on  the  centre  and  remote  surface,  the  waters  will 
be  heaped  up  to  nearly  the  same  extent  at  both  places. 

The  application  of  these  general  considerations  to  the  moon  and  the  tides  will  suflS.- 
ciently  show  that  the  bulging  out  of  the  waters  by  the  attraction  of  the  moon  M  (Fig.  e) 
is  nearly  equal  at  the  two  places  under  the  moon  marked  m  on  the  earth's  surface,  dia- 
metrically opposite  to  each  other,  causing  the  waters  of  the  entire  globe  to  assume  a 
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fpheroidal  fonn,  the  eleyations  at  m  neoesntatiiig  a  subtidenoe  or  depreniaa  at  C  and  D. 
As  diffiBrent  portions,  of  the  earth's  aqneous  snrfaoe  are  brought  under  Ihe  dinet 

influence  of  the  moon,  those  portions  in  lib 
manner  bulge  out,  prodnciiig  a  oontisaoai 
suocession  of  tides. 

If  the  moon  alone  acted,  and  always  mani 
directly  over  the  equator,  the  interral  betwen 
two  conseoutiye  high  tides  would  be  just  half  i 
lunar  day.  In  like  manner  did  the  sun  akoe 
act  on  the  waters,  its  motion  being  supposed  to 
be  directly  oyer  the  equator,  the  interval  iroold 
be  just  half  a  solar  day;  but  the  combiDed 
action  of  both  these  bodies  causes^  of  coune^ 
the  interrals  to  vary. 

In  the  actual  state  of  the  earth,  whm 
surface  presents  both  land  and  water,  tbe 
phenomena  of  the  tides  cannot  be  expected 
to  be  in  strict  agreement  with  what  ibsj 
would  be  if  no  solid  matter  existed  on  it 
Headlands,  coasts,  the  shallowness  and  con- 
traction of  channels,  &o.,  continaally  obstruct 
the  free  motion  of  the  tide-waye ;  these  ob- 
stmctions  often  greatly  delay  the  time  of  high  water,  and  cause  a  much  greater  lue 
than  would  take  place  if  the  adyance  were  unimpeded.  Such  local  influences,  indeed, 
greatly  modify  the  results  of  pure  theory,  both  as  to  the  time  and  height  of  high  water 
at  different  ports.  Special  obsenrations,  therefore,  at  each  place  are  necessary  to  mfgtf 
the  proper  data  for  predicting  the  time  of  high  water,  and  to  determine  what  is  called 
the  "  establishment  of  the  port."  The  height  of  the  tide,  too,  often  depends  i^on  the 
set  and  force  of  the  wind ;  but,  "of  all  the  causes  of  difference  in  the  height  of  the 
tides,  local  situation  is  the  most  influential.  In  some  places,  the  tide-waye,  rushing  up 
a  narrow  channel,  is  suddenly  raised  to  an  extraordinary  height.  At  Annapolis,  fiff 
instance,  in  the  Bay  of  Fundy,  in  Noya  Scotia,  it  is  said  to  rise  120  feet.  Even  at 
Bristol,  the  difference  of  high  and  low  water  occasionally  amounts  to  50  teet^^Sir- 
»chel. 

The  same  influences  which  produce  the  tides  of  the  ocean,  operate  also  on  the  8a^ 
rounding  atmosphere  of  the  earth ;  and  produce  tides  in  i^.  It  is  popularly  suppoeei^ 
too,  that  the  weather  is  subjected  to  the  moon's  influence ;  but  careful  and  long-ooa* 
tinned  obseryation,  by  competent  persons,  has  shown  this  supposition  to  be  &IlaeiouL 
A  change  in  the  moon  is  imagined  to  be  attended  with  an  immediate  change  in  tbt 
weather ;  it  being  oyerlooked  that  the  moon  changes  her  position,  and  passes  throa^ 
her  seyeral  phases,  by  imperceptible  gradations ;  which  is  incompatible  with  a  auddfls 
change  in  the  weather. 


Fig.  e. 


1 

1 
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PRACTICAL  ASTRONOMY. 


^B  have  now  reached — perhaps  we  are  somewhat  heyond — ^the  point  where  the 
itronomer's  lahours  must  have  ceased  but  for  the  invention  of  instruments,  by  whose 
dhe  has  been  enabled  to  sweep  the  heavens,  and  reveal  some  of  its  hidden  mysteries. 
^6  propose,  at  this  stage  of  our  labours,  to  give  some  description  of  these  instruments, 
'  the  principles  on  which  they  are  constructed,  of  the  manner  in  which  they  tend  to 
e  augmentation  of  our  power  of  sight,  and  the  most  convenient  methods  of  mounting 
em,  with  directions  for  their  practical  application. 
The  apparent  size  of  an  object,  which,  properly  speaking,  is  the  size  of  its  image 
the  retina,  depends  on  the  distance  between  the  eye  and  the  object.  Thus,  for 
stance,  if  the  object  be  M  (Fig.  A 

6),  and  the  eye  be  placed  at  0,  the 

»lit  line  which  joins  the  extreme      '  ^"H  *'■ 

ints,  A  and  B,  will  be  seen  under 

a  angle  A  0  B.  If  the  eye  be  placed  Fig.  136. 

the  point  0',  or  at  half  the  distance  at  which  it  was  pTevVouftVj  w.^M'oXfe^^  'CdaXvssr 
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A  B  will,  in  the  same  manner^  be  viewed  under  the  angle  A  o'  B,  which  will  be 
the  double  of  the  preceding,  supposing  that  the  line  A  B  is  small  in  comparison  with 
the  distance  of  the  object  M  from  the  eye  of 'tke  observer.  In  the  same  manner, 
the  angle  A  B  will  be  three  or  four  tinwB  greater,  msthe  distance  of  the  object  ia  one- 
third  or  one-fourth  of  the  primitive  distance.  The  angle  A  o  B  is,  therefore,  the 
measure  of  its  apparetit  size  (which  is  dfBfevent'from  its  r^a/^  the  latter  being  invariable), 
and  is  called  the  visual  angle,  or  the  Apparent  ^umieArr  of  the  object.  The  surface  of 
the  body  becomes  four,  nine,  and  sixteen  times  greatsr,  as  the  distance  is  decreased 
to  one-half,  one-third,  and  one^fourth  of  the  primitxre  distance.  In  other  words, 
the  diameter  of  an  object  varits  inversely  as  the  distance  of  the  eye  from  it,  and 
its  apparent  area  varies  inversely  as  the  square  of  this  distance.  The  power  of  the 
eyesight  is  limited,  and  it  is  generally  held  that  when  the  diameter  of  an  object  is 
less  than  a  minute,  the  object  ceases  to  be  visible.  Bul^.the  brightness  of  the  image 
performs  as  important  .a  part  in  this  respect  as  its  m»,  as  is  easily  proved  by  the 
visibility  of  the  fixed  staxsand  of  the  planets,  none  of  the  former  of  which  can  subtend 
an  angle  as  great  «ufraeQOnd.  Where  the  colour  or  brightness  of  an  object,  however 
differs  less  from  ttbe  rgrouad  xm  whicb  it  is  placed,  the  abo^  -nile  holds  true.  The 
distinctness  ofvi9i$a^:9B  every  .o«e.is  aware,  depends  likewise  on  the  distance  of  the  eye 
from  the  object ;  and  this  distaneO'iS'Taiiable  for  di&i«nt  persaos.  Even  the  one  eye 
of  the  same  individual  may  have  a  longer  .range  of  -visioin  than  the  ether.  Every  one 
knows,  also,  that  :£r  an  object  be  iieU  «t  a  .greater  xn  .Ima  i:dalDice  from  the  eye 
than  that  which  is  eustomary  ornatural,  infel&sr.ea8e^it!ktaaBnsaiidistinct. 

In  regard  tatha^nfAteMt  of  any  object,  woeavAmgrniiiiimiamMAlmn  i  euioved  from  the 
eye,  the  following' coBsidessiiafisaze  to  be  talBanmtoJteoMDkt.  lBnKi«ny  bright  object 
as  M,  rays  of«li^t  aroaiat  in  All  directions, 
and  from  thef  oint  st,  asijfrom-aay  otherrpoint 
on  its  snr£ue,:t]ieBerays4tte  sent  before  it, 
as  represented  in^Fig.  137.  Qf^^thoee  Bays 
of  light,  the  eye  only  receives  those  which 
penetrate  through  the  pupil  a  b.  If  the  eye 
now  approaches  the  object  M,  so  that  its 
distance  is  one-half  of  what  it  was  in  the 
previous  case,  and  its  position  oT  b\  the 
diameter  of  the  cone  of  light  will  be  only 
one-half  what  it  was  in  the  previous  case,  ^^'  ^^^* 

and  consequently  the  area  of  the  section  in  that  part  is  only  one-quarter  of  that  at  tin 
base  a  by  where  it  was  equal  in  area  to  the  surface  of  the  pupil  of  the  eye.  Senee^it 
follows  that  the  opening  of  the  pupil  at  «*  b'  will  take  in  a  greater  number  by 'fomiimeB 
of  rays  than  when  it  was  situated  at  a  d,  so  that  the  light  received  from  the  point  m  will 
be  four  times  as  much  in  the  latter  case  as  in  the  former.  At  the  same  tim^  however, 
as  the  eye  spproaches  the  object  M,  a  greater  portion  of  its  surface  is  taken  in,  end  the 
position  m  becomes  four  times  as  great.  The  bright  light  is  thus  spread  oyer  a  greater 
surface,  and  in  a  like  proportion  ;  and  it  follows  that  ike  brightness  of  tiie  snrfiMe  ii 
unchangeable.  If  it  happens  that  this  is  not  the  case  in  nature,  it  must  be  remembered 
that  the  interposition  of  the  air  causes  a  loss  of  light,  and  even  a  change  in  the  ooknr 
of  objects;  for  distant  mountains  appear  blue,  as  likewise  does  the  sky — being  tiie  dMt 
when  viewed  through  great  depths  of  the  atmosphere.  Without  this,  a  white  object 
would  appear  of  equal  brightness  whether  it  were  seen  close  at  hand  or  at  a 
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Aaniai  ■ — Many  solid  bodies,  and  a  greater  portion  of  liquid  ones,  are  transparent ;  : 
bat,  in  order  that  the  former  become  perfectly  so,  it  is  necessary  that  their  surfaces  should 
.be  highly  polished,  which  condition  is  fulfilled,  in  liquids,  by  the  natural  effect  of 
.gravity.  In  the  grinding  and  polishing  of  glass  and  crystal,  or  even  reflecting  metals, 
into  various  shapes,  it  was  early  discovered  that  various  effects  were  produced;  but  none 
more  extraordinary  than  those  which  took  place  in  the  apparent  magnitude  of  objects 
when  viewed  through  these  artificial  media.  The  fundamental  law  on  which  all  liiose 
changes  are  based  is,  that  when  a  luminous  ray  passes  obliquely  from  one  transparent 
medium  into  another,  it  departs  from  its  primitive  direction,  and  undergoes  a  refraction, 
-On  this  law  the  theory  of  lenses  is  based. 

There  are  two  different  species  of  lenses,  the  burfaccs  being,  in  both  cases, 
spherical,  or  one  of  the  faces  may  be  plane.  The  first  are  those  in  which  the  surfece 
is  convex  or  converging,  and  the  other  in  which  it  is  concave  and  diverging.    The  con- 

V       verging  glasses  are  those    mgm  ^»  ^ 

m^  which  are  doubly  con-    W  Wj  m 

*■  vex  (Fig.  138),  the  form      i  f  B 

H  being  lenticular  (whence     M  I  I 

^  they  derive  their  general   J^  A  hL 

^     nameoflenses)— 2°  those   ^^  "^  ^^^ 

Fig.  138.    Fig.  139.       Fig.  140.     ^hich  are  plano-convcx   ^^^- '*'*      ^^- ^'2.        Fig.HS. 

(Fig.  139),  and  3°  concave  convex  (Fig.  143),  the  convexity  being  in  this  case  more 
considerable  than  the  concavity — and  which  are  likewise  known  by  the  name  of 
meniseiy  in  consequence  of  the  form  of  their  section.    The  converging  glasses  are  those 
which  are  doubly  concave,  as  in  Fig.  141 ;  plano-concave,  or  convex-concave,  the 
concavity  being  more  considerable  than  the  convexity,  and  likewise  known  as  menisci. 
The  radii  of  lenses  are  the  radii  of  the  spheres  of  whidi  their  surfoces  are  the  segments. 
If  we  expose  convex  glass  to  the  rays  proceeding  from  the  sun,  they  will  be  con- 
verged to  a  point,  A  (Fig.  144) ;  and  if 
we  remove  the  lens  more  or  less  away 
from  the  surface  on  which  the  con- 
verging rays  are  received,  this  bright 
spot  (A)  will  be  of  greater  or  smaller 
^ffrtniTt.   'Xo'finit  jMnat  iwOiuu  it  is  of 
the  smallest  dimenmoai,  ibe  name 
''^^  ^^"**  of  focus  has  been  given,  and  its  dis- 

tance fimm  ftkEBwaunAmaaAoB  of  the  lens  ihe  focal  distance.  If  we  turn  the  Ibob  round, 
the  sasmtiffiadtiiRjpnidniMd ;  and  if  both  the.mzfaces  have  the  same  radius,  tibeidistance 

will  Bie  alike 
in  hftSb.  cases, 
thoig^  it  will 
Tfaiy  fbut  very 
.Hdii^ii^  should 
tfugr  be  differ- 
in 
tfiuDJOue  of  a 
I  "t^vm.  uteimcus  lens. 

The  line  a  A  (Fig.  145)  is  termed  the  axis  of  the  lens,  and  the  point  o  vt%  <s^\k^<«^ 
I  oentre.     In  the  above  case  the  isys  are  supposed  to  paa&  i^«n2i\«\  \a  ^(^  q^>^bs\ 
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axis ;  hoi  if  thej  proceed  tr^m  «  Itimiooiu  pointf  A^  n  ihort  distance  finjm  the  uii 
(Fig<  ll^)}  or  mtlitr  if  ihe  parallal  raTi  nmke  ■  imaU  angle  with  thd  optical  ssiA,  t^ 

maimer  in 
which  thfj 
cotiTerg^  to 
a  fc^cus^  0,  ii 
the  aune.  hi 
both     cafiei 

Fif.  Hf,  they      pta 

throngh  the  optical  centre  o  of  the  leaf.  In  coucbtb  lenaet,  th©  parallel  mp  of 
light  which  pasa  Itom  an  ohject  ate  tendered  divei^at ;  or  if  alread j  divergieiit,  tre 
Tendered  more  so  hj  their 
interposition,   as    in    Ftg. 

Supposing  thatj  instead 
of  proceeding  from  a  point, 
A,  the  rays  of  light  from  a 
Inminous  objeet^  AB  (Fig, 

148)»  pui  through  a  con-  Fjff.  147. 

vex  lent :  In  this  esae  the  rayi  of  light  coming  &om  the  point  A  wH!,  as  in  Fig«  148r 
conYorge  to^the  point  a;  and  those  from  the  point  Bto  the  focus  B  (Fig,  148) ;  $j^  in  Cba 
same  manner^  dl  the  other  points  of  the  object  A  B  irill  be  represented  hy  oppOiiie 


Fi*.  \U, 
point!  in  the  image  fonned  by  the  Ivm*,    It  thoa  follows  that  the  image  ia  nroited, 
and  il  the  ere  be  placed  at  the  focua  a  h^  the  object  A  B  wiE  appear  ttimed  upiUtt  imn  \ 


m.  149. 


I   hnt  m  iU  other  iwpecta,  a  pei^t  picture  of  the  ol^ect  A  B  will  he  pereetTed.    TW* 


' 
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effect  may  likewise  be  seen  by  placing  a  candle,  A  (Fig.  149),  in  a  dark  chamber,  at  a  cer- 
tain distance  from  the  mounted  lens  B,  the  light  from  the  candle  passing  through  the  opti- 
cal axis  of  the  lens,  to  the  opposite  wall,  C,  which  is  at  the  proper  distance  from  the 
lens  to  receire  a  well-defined  image  of  the  flame  of  the  candle :  A  reversed  image  of 
the  candle  may  here  be  perceived,  as  well  as  of  that  portion  of  the  candle  which  is 
illumined  by  the  flame. 

The  well-known  effect  of  convex  glasses  in  magnifying  small  objects  will  be  seen 
from  the  following  diagram 

(Fig.  150).    The  object  A  B    .^^^^^""-"^^.^^^^  ____.----.---rrn:=^^^^^''T^ 

beingplacedbetween  the  lens  ^""^^  ^"^^'  — — — —  '■'"^.--  '..---:<5.--' 
and  its  focus  E,  the  rays  of 
light  proceeding  from  the 
point  A  do  not  lose  all  their 
divergence,  but  appear  to 
come  from  a  more  distant 
point  a,  formed  by  the  pro- 
longation of  the  line  0  A ;  and  "  Fig.  150. 
in  the  same  manner  the  point  B  seems  to  be  situated  at  d,  formed  by  the  prolongation 
of  the  line  B  0.  To  the  eye  situated  at  the  other  side  of  the  lens,  therefore,  it  will 
appear  as  if  the  object  AB  was  replaced  by  the  image  ad,  and  the  latter  object  will 
appear  more  or  less  distant  from  the  eye,  according  as  the  object  A  B  is  nearer  or  more 
removed  from  the  focus  of  the  lens.  The  lens  can  be  so  shifted  in  respect  to  the  object, 
that  the  image  a  h  will  appear  distinct  and  well  defined  as  well  as  magnified.  We  can 
readily  perceive  that  the  image  a  ^  is  greater  and  more  distant  when  the  focal  distance 
is  smaller,  and,  in  consequence^  that  a  lens  magnifies  so  much  the  more  as  its  focal  dis- 
tance is  less.  The  magnifjring  power  of  lenses  is  somewhat  illusory,  and  nearly  every 
one  judges  differently  in  estimating  the  magnified  size  of  the  object  under  examination. 
This  may  arise  from  two  causes — in  the  first  place,  the  distance  of  distinct  vision  is  dif- 
ferent for  almost  every  person ;  and,  in  the  second  place,  when  we  look  through  magni- 
fying glasses,  almost  every  guide  which  serves  to  regulate  the  judgment  on  the  distance 
and  size  of  the  object  looked  at  is  removed. 

TelescopMU — Every  convex  glass,  as  we  have  seen,  produces  an  image  of  the 
object  from  which  it  receives  rays  of  light ;  and  by  a  combination  of  such  glasses,  via., 
by  examining  the  image  formed  by  one  lens  (as  if  it  were  a  real  object)  by  means 
of  another,  and  thereby  magnifying  the  image  as  explained  in  the  last  paragraph,  dis- 
tant objects  can  be  seen  with  a  distinctness  unapproachable  with  the  naked  eye.  .  The 
iQost  simple  and  most  common  description  of  the  telescope,  used  by  the  astronomer,  is 
that  fcutned  by  two  convex  lenses,  L  and  L'  (Fig.  151) ;  the  first  of  which,  from  being 

H  turned  in  the 
direction  of 
the  object,  is 
termed  the  ob- 
jeet-glasa^  the 
second  the  eye 
piece.  In  this 
^^'  ^"-  the  object  AB, 

PUfliDg  through  the  convex  lens  L,  forms  an  image  ah  in  the  focus  of  the  lens.  The 
aeoond  lens  serves  to  magnify  the  reversed  image  d  a  in  the  same  manner  as  if  it  were  as  a 
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tangible  object  The  image  &  a  is  not  always  at  the  same  distance  from  the  object-glaa, 
but  yaries  more  or  less  according  to  the  distance  of  the  object ;  and  when  the  latter  ia 
so  far  removed  that  the  rays  which  fall  on  the  objcct-glass'may  be  considered  as  parallel— 
which  is  the  case  with  all  celestial  objects — the  imago  b  a  falls  in  the  focus  of  the  lens. 
As  the  object  should  be  seen  with  the  requisite  distinctness  at  b'a\  which  is  thedistsncs 
of  distinct  yision,  and  as  the  latter  varies  almost  with  every  person,  it  is  cecessaiy  that 
the  eye-piece  should  be  dra^Ti  in  or  out  from  the  image  bain  order  to  give  perfect 
definition.  It  will  be  seen  from  the  diagram  that  the  telescope  does  not,  like  the  micro- 
scope or  magnifying-glass,  increase  the  natural  size  of  the  objects  viewed  ;  for  the  imago 
b'  a'  is  much  smaller  than  tlie  object  A  B,  which  is  at  a  great  distance  from  the  objectr 
glass :  it  only  tends  to  increase  the  apparent  size  of  an  object  when  viewed  from  a  distance. 
To  compare  the  size  of  a  distant  object  when  viewed  with  natural  and  telescopic 
sight,  we  have  only  to  compare  the  angles  A  o  B  (Fig.  151),  or  a  o  3,  which  is  the  angle 
subtended  by  the  object  to  the  unassisted  vision,  and  the  angle  a'  <f  b'y  which  is  the  angle 
Bubtended  by  the  image  to  the  eye  of  the  observer.  The  proportion  between  the  relatiTi 
sizes  of  the  object  A  B,  and  the  image  a'  b'y  is  consequently  the  some  as  that  between  tilie 
angles  a  o  b  and  a  o'  by  and  this  is  what  is  termed  the  magnifying  power  of  the  telescope. 
The  angles  ao*  b  and  aob  being  always  small,  they  may  be  regarded  as  in  the  inverse 
proportion  of  the  two  points  o  and  o'  from  the  image  ab\  or,  in  other  words,  that  as  these 
distances  may  be  regarded  as  the  focal  lengths  of  the  object  and  eye-glasses,  that  the 
magnifying  power  of  the  telescope  is  in  the  same  proportion.  This  instrument  allows  a 
large  ^W  of  view  (or  the  circular  space  which  the  eye  would  take  in  without  the  assirt- 
ance  of  any  telescope),  for  this  depends  on  the  dimensions  of  the  instrument  at  a  d,  or 
the  common  focus  of  both  lenses.  Equally  important  with  the  perfect  definition  of  the 
object,  is,  as  already  stated,  the  brightness  with  which  it  appears  when  under  examiiu^ 
tion.  If  a  ray  of  light  passes  from  any  point,  M  (Fig.  152),  of  an  object,  it  will  fell  on 
the  whole  surface  of  the  object-glass,  and  thence  through  the  same  point,  m,  of  the 
focus,  a  by 
after  which 
I  it  will  form 
a  pyramid  of 
rays,  the  di- 
vergence of 
which     will 

be   lessened  Fig.  152. 

by  passing  through  the  eye-piece  in  such  a  manner  that  they  will  afypearto^oanwfrov 
the  point  m'  in  the  image  of  b\  If  the  eye  viewed  the  image,  a  S,  without  Hw  intv- 
position  of  the  eye-piece,  it  would  only  receive  a  portion  of  the  light  and  itff 
emitted  from  the  point  M,  many  of  the  outer  diverging  rays  having  been  loit, 
the  opening  of  the  eye  being  too  small  to  take  the  whole  in.  But  by  employing 
a  second  convex  glass,  the  divergence  is  diminished,  and  the  eye  receives  the  whole 
of  the  light  emitted  from  the  point  M,  which  foils  on'  the  object-glass.  GompariBg} 
therefore,  the  brightness  of  an  object,  as  seen  with  the  naked  eye  and  seen  through 
a  telescope,  and  supposing,  in  the  latter  case,  that  all  the  light  passes  through  the 
lenses,  it  would  foUow  that  the  light  received  by  the  eye,  in  using  a  telescope, 
would  be  as  many  times  greater  than  that  of  the  eye,  as  the  surface  of  the  object-glass 
exceeds  that  of  the  pupil  of  the  eye.  This,  however,  is  only  theoretically  trae,  for  tfam 
is  a  considerable  absorption  of  light  by  passing  through  the  lenses,  as  well  as  byrsfleetkB 
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from  their  surfaces.  If  the  size  of  the  objoots  was  increased  by  the  telescope  in  the  same 
proportion  as  the  brightness  of  their  surfaces,  it  would  follow  that  the  brightness 
would  always  remain  the  same.  The  magnifying  power,  howeyer,  is  quite  distinct  from 
the  illuminatiYe  power  of  the  telescope,  the  first  depending  on  the  proportion  between 
i  tiie  fooaL  distance  of  the  two  lenses,  the  latter  upon  the  area  of  the  object-glass.  It  thus 
happens  that  the  brightness  of  the  image  will  vary  greatly  with  the  power  applied ; 
and,  .with  high  powers  applied  to  the  same  telescope,  the  objects  become  dim  and  inde- 
finite, and  the  two  excellencies  of  brightness  and  good  definition  are  yeij  difficult  to  be 
obtained. 

This  description  of  telescope  was  not,  however,  the  first  inyented.  The  optical 
principles  on  which  its  construction  is  founded  were  not  started  by  Eepler  imtil  some 
time  after  the  discovery  of  Galileo.  In  this  latter  form,  the  object-glass,  as  in  all 
otiier  instruments  of  this  sort,  is  a  convex  glass,  but  the  eye-piece  is  a  concave  one, 
the.  £ocus  of  which  is  very  short.  The  disposition  of  the  lenses  is  seen  by  the  dia- 
gram (Fig.  168.)  The 
reversed  image  of  dis- 
L'  ^,^  M  tant  objects  produced 

A  by  the  object-glass  L 

.g   is  formed  in  a  ^,  but 

the  concave  eye-piece 

is  placed  between  the 

Fig.  15S.  *  ^^^i  ^  ^^^^  ^  manner 

that  the  eye  placed 

behind  the  lens  L',  instead  of  the  image  h  a,  will  see  a^  b';  and  the  eye-piece  can 
be  BO  adjusted  that  the  image  a'  b'  will  appear  well  defined.  This  telescope  mag- 
mflei  Hie  apparent  diameter  of  objects  as  many  times  as  the  focal  distance  of 
the.  eye-piece  is  contained  in  the  focal  distance  of  the  object-glass.  It  will  not 
adinit  of  any  considerable  magnifying  powers,  the  field  of  view  being  very  small,  on 
whioir  account  it  is  never  used  at  the  present  time  as  an  astronomical  telescope.  On  the 
othir-lumd,  it  is  very  convenient  as  a  pocket  teleseope,  as  it  does  not  reverse  objects ; 
and'af  liie  eye-piece  is  placed  between  the  object-glass  and  its  focus,  it  is  shorter  than 
the  common  teleseope.  In  the  common  opera-glasses,  which  are  of  this  construction, 
the  magnifying  power  does  not  exceed  three ;  but  in  some  of  those  made  by  Galileo  the 
'  magnifying  power  reached  to  thirty-two.  Another  form  of  the  erecting  or  terrestrial 
telanopa  is  itfaat  imagined  by  Bheita,  in  which  three  convex  glasses,  of  equal  but  short 
ftwos,  are.  fixed  in.  a  tube^  and  form  the  eye-piece.  The  fij:Bt  of  those  lenses,  or  that 
noalr  distant,  ftom.  the  eye,  would  give  a  reversed  image,  wMch,  passing  through  the 
Moond  one,, produces  an  erect  image,  and  finally^  as  it  is  before  the  focus  of  the  third 
IflnS)  it  is  viewed  and  much  magnified  by  this  one.  The  magnifying  power  of  this  is 
nnasured  as -in  the  preceding  ones,  being  in  the  proportion  of  the  focal. distances  of  the' 
oljeet^glaflses  and  one  of  the  lenses  of  the  eye-piece.  The  magnifying  power  of  a  tele- 
seope maybe  roughly  determined  by  comparing  the.  sizes  of  an  object,  such  as  the  sun 
or  mooaa,  a»  seen  with  it  and  with  the  naked  eye,  and  the  extent  of  the  field  of  view  may 
be  found  by  taking. the  diameter  of  the  sun  at  about  half  a  degree.  The  former,  how- 
efer,  is  determined  more  exactly  by  an  instrument  called  the  dycmameter^whioii  serves, 
iHhen  a  telescope  is  directed  towards  the  sky,  and  a  sheet  of  paper  is  held  behind  the 
ajfei-piece,  to  measure  the  diameter  of  the  luminous  circle  which  falls  upon  the  white 
and  tlie  best  definition  of  which  is  foimd  by  triaL    By  dividing  the  diameter  of 
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ihi^  ubje(jt*gliu^  by  the  di&ineter  of  thia  tirclei  the  magnifying  power  of  the  telescope  is 
obtained.  The  loininoua  circle  ie  itself  an  image  of  tli^  object-glaias,  mid  ia  contoinBd 
na  many  timea  in  the  latter  ^  the  ttleacopQ  nmgniSea  dUtant  objects. 

Hitherto  the  object^^laji  ha«  been  supf^osed  to  be  fonned  of  one  piece  and  of  cmifi 
Bort  of  glsss,  but  in  all  mcd^m  instrument  a  thia  is  not  the  case.  The  image  formed  bj 
a  convex  glaaa  is  situated  at  a  gneatt^r  or  a  le^  di^tanoe  from  it,  according  to  the 
refracting  power  of  the  glsppj  and  is  so  mttch  ghorter  as  the  Tefracting  power  is  More 
Gonaidtrable.  In  addition  to  this;,  the  different  colours  of  which  white  Light  h  com* 
pogcd  ar«}  not  ^uslly  refracted  «nd  cannot  have  the  same  fociu.  If  the  ejeofia 
observer  ia  situated  at  the  focua  of  the  Itna,  he  will  not  see  the  image  perfectly  defined 
and  coIourlesB,  but  it  will  appear  sutroundcd  with  the  prismatio  colours ;  the  Tiolet 
rays  of  the  object  is  more  ati'Dngly  refracted  th^n  the  red  ones^  and  will  be  throwtt 
nearer  the  lens.  In  addition  to  this  source  of  indUtiEictnese  of  the  image,  there  U 
another  less  impert^Lctr  known  by  the  name  of  tphetifol  t^ferretion^  which  dependi 
on  the  Egure  of  the  lenS|  there  heing  no  curvature  in  whi^h  all  the  my  a  of  hght 
coming  from  *ajiy  ohj^^ct  one  ej^aetly  united  in  a  common  focus.  In  order  to  get  rid  of 
the  first  ftouTce  of  indistinctness,  in  naing  a  aingle  lena  for  the  object^glaas,  it  waa  witB 
high  magnifying  powers  found  neC'ga&ary  to  have  the  Icna  of  rciy  long  tocnA  (some  of 
tboae  ufiod  hy  the  earliest  obaervera  were  30O  feet  in  length) j  for  by  thia  mean^  the  cau££s 
which  led  to  the  formation  of  colour^  viz,,  the  conEideiuble  curvature  of  the  lens,  were 
diminiahod  and  the  larger  images  were  formed.  By  an  examination  of  diSerant  apeciei 
of  gUsa,  Dollond  found  that  some  sorts  lefmctfd  light  and  dispersed  the  colour  a  muck 
more  than  ordinary  glass  ;  and  by  passing  a  ray  of  light  through  two  priams 
made  of  different  gloss,  he  had  the  aatiafaction  of  finding  that  a  white 
light  waa  tranamitted.  After  thia,  he  employed  the  two  Borta  of  glass  in 
forming  an  ohject-glass,  which  would  transmit  light  without  deeompofling 
it,  which  he  effected  by  uniting  a  coutcx  kns  of  croi^^-glaaa,  of  a  greenish 
colour,  with  a  eoncaye  lens  of  fiint-glass,  of  a  white  tint-  (Fig.  lo4.} 
When  a  ray  of  light  faha  upon  this  object-glaaa,  it  h  acted  upon  by  both — 
that  of  the  crown-glass  renders  it  convergent  and  decomposes  it^  the  concave 
flint  lens,  on  the  contrary^  destroys  the  effect  of  the  first,  and  an  uncoloured 
image  ia  formed  at  the  focus.  By  ibis  beautiful  diacoTery,  the  refracting  tele-  ^. 
scope  has  been  made  a  convenient  and  easily  managed  iuBtrument,  to  which 
higher  powers  can  now  he  applied,  and  with  better  effect,  to  one  of  10  feet  in  kngtb, 
than  to  those  formerly  made,  and  which  were  some  hundreds  of  feet  in  focal  distance. 

It  ig  a  matter  of  couBiderahle  moment  to  have  the  telescope  moujited  iia  steadily  as 
poasible,  and  to  be  able  to  direct  it  easily  to  sny  particular  port  of  the  heavens,  so  ss  to 
fyllow  any  oT  ject  with  the  requigite  faciKty.  In  the  following  figure  (Fig*  165)  atelescopo- 
stand  ia  Teprcacnted,  which  serves  these  uaefnl  purposes.  It  consists  of  a  firm  supper^ 
A,  resting  on  the  ground  hy  means  of  the  feet  B'  B'  B'  and  the  roUers  B  B  B,  and  two 
moveable  supports,  C  and  D  D,  the  former  of  which  directly  supports  the  telescope  E^ 
and  ia  connected  wHh  the  stand  A  by  meane  of  hinges  at  M  M,  by  which  it  can  be  inclload 
more  or  teas  to  the  horizon.  The  second  support,  B,  ia  connected  with  the  first  ia  i 
similar  manner  hy  the  hinges  n  n,  by  which  means  the  angle  between  the  two  aupporii 
C  and  D  may  be  varied  at  wilL  The  inferior  beam,  o  o,  of  the  branch  D,  should  aUdi& 
along  the  inclined  aide  of  the  stand  A  A,  and  thia  motion  producee  the  requiaite  elftl- 
tion  or  depression  of  the  extremity  «  ti,  which  tuma  on  the  hinge  m  w*.  Two  endleff 
chaioaf  §  q^  paae  round  the  stand  A,  and  are  attached  to  the  ends  o  a  of  the  branch  D^ 
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An  axis,  r,  terminated  by  two  handles,  9  t,  carries  a  pinion  which  works  in  a  wheel 
mounted  on  a  second  axis,  t ;  this  second  axis  is  furnished  with  two  pinions  at  both 
ends,  of  which  the  teeth  catch  in  the  links  of  the  endless  chain  q  q.    In  turning  round 


lig.  155. 

the  handle  9  8,  the  chain  is  thus  worked  up  and  down ;  the  portion  0  0  of  the  support  D 
ilidei  on  the  inclined  plane  p  Pt  and  the  projecting  branch  is  raised  more  or  less.  The 
teleeeope,  E,  rests  in  t<  m,  the  latter  part  being  connected  with  the  support  C  by  a  pin 
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at  tilie  object  end,  round  which  it  can  easily  be  turned  as  on  a  piyot.  At  the  eye  enA.  of 
the  telescope,  the  support  u  u  rests  upon  two  wheels,  and  a  milled  head,  Y,  attadied  to 
a  pinion,  works  in  the  toothed  edge  of  the  support  C  in  such  a  mannor  tliat  in  turning 
the  milled  head  it  turns  the  telescope  to  the  right  or  left.  The  observer,  by  turning  one 
of  the  handles^  s  «,  with  the  one  hand  and  the  milled  head,  V,  with  the  other,  is  thus 
able  to  change  the  direction  of  the  instrument  according  to  his  wish.  A  smaller  tele- 
scope, Z,  is-  commonly  attached  to  the  tube  of  the  larger  one,  which  is  known  by  the 
name  of  the  fltdtn  Haying  a  larger  field  of  view  than  the  principal  telescope,  the 
observer  can  discover  tlie  object  he  is  in  search  of  with  great  facility,  and  by  placing  it 
in  the  centre  of  the  flnderj.hB.gnides  the  larger  telescope  directly  upon  it. 

Reflecting  Ttf— uiiy—i  IP  an  object  A  B  is  placed  before  a  concave  reflecting 
mirror  M  (Fig.  1 56),  .a^imilareflbsfeianraiduccd  as  when  the  rays  of  light  proceeding  from 
such  an  objoct 
passes  through  a 
convex  lens.  The 
ray  of  light  pass- 
ing from  the  point 
A  will  be  reflected 
to  the  point  a, 
while  those  pass- 
ing from  B  will 
take  the  direction 
i,  and  the  inverted 

image  a  h  will  be  B!ff»  ISt.. 

produced.  The  image  a  h  can  be  magnified  in.tiie  sune-manneras  theim^B  firmed  by  a 
convex  lens,  though  evidently  not  with  the  sdma-fiudlity ;  farheretbe  imagftwformed  be- 
tween the  object  and  the  mirror,  and  there  it  8<diffioaltyiii'.Unowiiig  in  what- manner  tiie 
eye-piece  is  to  be  placed.  To  obviate  this  dxflhnilcy  the  ixsranttxr  of  this  telMeope,  the  ode- 
brated  Gregory,  thought  of  placing  a  smaller  ooncaverlbni  If  ('wilioh  'would  only  inter- 
cept a  portion  of  the  rays  proceeding^-ftom  any  objeet^  after  tiieir  passagei^rough  the 
image  a  h  (Fig.  157),  and  to  send  tliem-thnmgh  tfattqpnmg  at  tfaercentre  of  the  miiror 

M,  IB  such  A 
manimr  as  to  pro- 
duoftc  a  second 
iinqp^^ii^^,  which 
be  exam- 
itnd.iiiUi  theie- 
ijTiiiit>r  distinct- 
XHHiliQp  the  eye- 
BJMMM.  By  this 
combinatioiT'flir  enet  image  wonlE  be  prodixeed;  and' the  teloaeope-'wniildniii  lari  in  pre- 
cisely the  same  numneraarliiB.GalileBn  telescope.  The  telescope  independently  invented 
a  few  years  later  by  Sir  Isaac  Newton,  is  more  simple  than  the  former,  receiving  the 
rays  which  pass  from  the  great  mirror  on  a  plane  reflector  N  (Fig.  158),  inclined  at  an  angle 
of  forty-five  degrees,  before  they  arrive  at  the  focus  a  i,  and  produces  the  image  •*  ^i 
which  can  be  examined  by  means  of  the  eye-piece  0.  In  this  form  of  tiie  zefleoti>S 
telescope,  the  observer  looks  in  a  direction  perpendicular  to  that  of  the  objeet  obsuiwi 
In  order  to  obtain  as  much  light  as  possible,  a  considerable  portion  of  which  wai-W 
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by  being  reflected  from  saocesBlye-siirfiioes,  Herschel  conceited  the  plan  of  inclining  tbe 
gnat  concave  miiTor  at  a  small  angle  to  the  object  obseired,  by  which  means  the  rays  of 

light  proceeding 
'  from   the  object 

»:        a  .     A  B    (Fig.  159) 


i 


ZIZSh: 


were  reflected  to 
^     baj  and  the  im- 
age thus  fbrmed 
could  be  exam- 
Plfi  158.  ined  in  the  ordi- 

nary manner  by 
the  eye-piece,  tfta  back  of  "tiiB  observer  Being  tumed' to  the  object.  This  disposition 
(termed  by  Herschel',/lnBftt  miu^  ia^  Bowwar,  only  suited  for  instruments  with  large 
apertures,  in  which  the Ibn- ofligiitriBleaiLthan  when  reflected  from  a  second  mirror. 

The  great  forty 
feet  telescope  of 
Herschel,  with  a 
mirror  of  four  feet 


in   diameter,    was  |  ""'         ~-^ -r.'."""-  --..  t 

mostly  used  in  this  | "'''''''"L 

manner,    the    ob- 
server being  placed  Fig.  159. 
in  a  gallery  at  the 

end.  The  engraving  at  the  headfaf  this  section  of  our  work  gives  a  view  of  this  magnificent 
instrument,  which  was  moved'  upwards  and  downwards  by  means  of  numerous  rope" 
and  pulleys,  whilst  the  motion.lii  the  right  and  left  was  facilitated  by  rollers.  "With  this 
mighty  tube  Herschel  was  ableetb  apply  a  magnifying  power  of  six  thousand !  Unfortu- 
nately it  was  too  much  exposefitD  the  weather ;  the  polished  mirror  was  dimmed  in  one 
night  by  the  damp  atmospheraand  the  instrument  remained  in  use  for  only  a  very  few 

.  years,  when  it  was  found  unfittAor  service. 

I  Instmments  for  MeafliBliig  the  Angle. — Hitherto  our  attention  has  been 
directed  to  instruments  of  grortr  magnifying  power,  intended  to  bring-  distant  objects 

I  nearer  to  the  observoK.  Wei  fisve  now  to  speak  of  graduated  instruments  of  more 
delicate  construction,  bgR^osMad  the  astronomer  is  enabled  to  measure,  with  wonder- 
ful accuracy,  the  siaaflnDcBtenoB  oKo&mAbI  objects ;  and  by  which  also  is  obtained- 
the  true  solar  time^Bf  oompaamg'  tltelBimgular  distances  from  other  well-known  objects ; 
in  other  words,  bgnBauasai|ptbBiT  angles. 

\        In  crdeEL  tnwmimlUii!  1lfiii»,Tfcfciiiiiiiimiiiii  ttaeoiigmnfBwrroe  of  a  circle  described  on 

i  its  plane,  htmfiicitti  aammfl^aBwoantre;  TKe.-  length  of  thee  arc  of  a  circle  is  described 
between  tbv1liro>aides  of  an  angle,  valued  by  means  of  a  psiticuliararc  teksn  as"  unity. 


Fig.  leo. 

Th&Mn^bycommimioonsenl^.is  taken,  at  ihe  three  hundredlfload  sixtieth  part  of  the 
'  Liilpiiitfiiiimfiiiiiiiiiii,  which  is  called  a  degree,  marked  thus,  I?";,  and  therang^e  which 
i  cuAiHsp.— Ii'wifh  it  is  liie  angle  of  a  degree  (Fig.  160). 
I        It  ritreQr  happens,  however,  that  the  angle  we  seek  to  determine  comes  out  exactly  in 

■  It:beeomei  neoswary,  therefbie^  to  divide  the  degrees  into  &afitioiui^«c^.  'S^  V 
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this  purpose  the  degree  is  diyided  into  sixty  parts^called  minutes,  written  tliii%  1'.  ! 
further  accuracj  the  minute  is  again  subdivided  into  sixty  parts,  called  secondsi  wiij 
thus,  1".  When 
the  instruments 
which  we  are 
about  to  describe 
are  properly  ar- 
rai^ed,  and  the 
two  telescopes 
are  presented  to 
their  proper  side 
of  the  object 
whose  position 
or  magnitude  is 
to  be  measured, 
the  angle  is  read 
off  the  graduated 
scale  which  sur- 
rounds the  cir- 
cumference of 
the  circle  by 
means  of  an  in- 
dex, which  ex- 
tends its  limb 
oyer  the  whole 
length  of  the  arc. 
In  measuring 
the  angle  by 
the  visual  rays 
which  abut  on 
each  side  of  an 
object,  two  ope- 
rations are  re- 
quired. The  two 
rays  of  the  gra- 
duated circle 
must  ;^f  coincide 
with  the  two 
sides  of  the  an- 
gle, which  is  ef- 
fected by  view- 
ing it  succes- 
sively in  the 
direction  of  each 
of  its  sides;  the 
object  being  to 
value  the  de- 
grees,.minates,  and  seconds  contained  in  the  arc  of  a  circle  comprised  between  tEe  twoxi 
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Yhe  Kepeating  Givole  consists  of  a  graduated  circle  A  A  (Fig.  161)  diyided  into 
860**  with  their  respective  fractional  parts,  and  fitted  with  two  telescopes  furnished  with 
micrometers,  the  telescopes  varying  in  power  according  to  the  size  and  value  of  the 
instrument,  and  the  whole  mounted  on  a  pedestal,  as  represented  in  the  figure.  It  is 
also  so  arranged  as  to  permit  of  its  being  turned  in  any  required  direction.  The  circle, 
A  A,  tarns  on  its  own  plane  round  an  axis  implanted  in  it  perpendicularly  and  in  its 
ctntre.  This  axis  traverses  a  socket,  B,  which  is  fixed  to  the  horizontal  axis,  C,  and 
is  terminated  by  the  weighted  drum  of  the  pedestal  D.  This  weighted  drum  is  in- 
tended ai  a  connterpoise  to  the  circle  and  its  telescopes,  and  to  prevent  it  from  swinging 
trhile  taming  on  the  axis  G ;  the  extremities  of  the  axis  G  are  supported  by  the  mounted 
frame  E,  which  is  arranged  so  as  to  turn  freely  in  the  openings  left  by  the  mounting. 
In  short,  the  pedestal,  F,  can  itself  turn,  with  all  it  carries,  round  an  axis  which  pene- 
trates its  interior,  and  which  is  fixed  in  the  foot  of  the  instrument.  By  this  disposition 
of  its  parts  in  turning  the  circle  round  the  axis  G,  and  at  the  same  time  turning  all  the 
instrument  round  the  axis  of  the  pedestal  £,  the  plane  of  the  circle  can  be  trained  in 
any  desired  direction. 

A  telescope,  S  S,  is  fixed  on  the  upper  face  of  the  circle  in  the  direction  of  one  of  its 
diameters,  which  turns  freely  round  its  centre  without  effort.  A  second  glass,  1 1,  is 
adapted,  in  the  same  manner,  to  the  under-face  of  the  circle  at  an  angle  with  the  other, 
but  so  adapted  as  to  turn  freely  and  independent  of  the  circle.  The  eccentricity  of  the 
under  telescope,  and  the  great  distance  of  the  objects  usually  imder  observation,  render 
the  errors  scarcely  appreciable. 

In  Fig.  162^  is  represented  an  enlarged  portion  of  the  circle,  showing  the  gradu- 
ated scale  and  the  extremity  of  the  piece,  h» 
The  screw  a  is  pierced  with  a  rectangular 
opening,  traversed  in  its  middle  by  the  screw 
by  which  is  formed  to  turn  upon  itself  in  the 
collars  fixed  at  the  two  extremities  of  the  open- 
ing, a.  Screw  e  acts  upon  ^,  and  is  besides 
attached^to  the  clamp  d,  which  clasps  the  edge 
of  the  limb  above  and  below.  The  screw  e  is  to 
regulate  the  place  of  the  clamp  on  the  opening, 
pressing  the  edge  of  the  limb  between  its  jaws, 
and  thus  fixing  the  screw,  <?,  to  the  limb.  When 
it  is  required  to  displace  the  telescope  rapidly, 
it  is  necessary  to  press  the  screw  c,  which  throws 
it  loose,  so  as  to  move  round  the  circle  under 
the  impulse  of  the  hand.  When  the  glass  has 
nearly  attained  its  proper  position,  it  is  trained 
more  exactly],by  turning  the  screw  e.  The  vice 
d  and  the  screw  c  are  acted  on  and  fixed  again 
to  the  limb,  and  by  turning  the  screw  J,  a  slow 
movement  is  communicated  to  the  screw  a,  which 
trains  the  telescope  to  the  exact  spot  required. 
Another  disposition  has  been  adopted  for  producing,  in  an  analogous  manner,  the 
morement  of  the  circle  round  its  centre.  The  axis,  after  having  traversed  the  socket 
BB  (Pig.  161),  and  the  cylindrical  counterpoise  D  slightly  inclined  from  below,  and  carries 
a  toothed  wheel  of  the  same  diameter  as  the  counter  weights.  An  endless  screw  is  con- 
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nected  with  this  whael,  and  is  oarried  by  a  collar  fixed  to  the  counterpcueBy «  » 
in  Fig.  163.    If  the  endless  screw  a  bis  moved  by-taxiii 
of  the  two  milled  heads,  the  toothed  wheel  witfi  whiol 
.  connected  will  leoeiye  a  rotatoxy  motion,  in  whioh  tha  M 
I  S   which  it  is 


g  fixed  by  the  ^ 
same  axis 
will  neces- 
tarily  parti- 
cipate. But 
the  screw 
a  b  may  be 
g'  withdrawn 
-^   from      the 


S 


Fig.  163.  fig,  IW. 

toothed  wheel  in  such  a  manner  as  to  stop  all  commim 
between  them.  To  do  this,  it  is  only  neoeasazy  to  -to 
finger  a  of  the  screw  when  the  two  are  disengaged,  as  in  £i 
Having  thus  explained  the  mechanical  details  of  the  o^ 
circle,  its  application  to  measuring  the  angle  is  as  follows 
Lot  A  and  £  (Fig.  165)  be  the  two  distant  points, 
arc  the  sides  of  the  angle  to  be  measured.  Having  pku» 
upper  glass  at  zero  of  the  graduated  scale,  and  fixsd- 
circle  in  that  position,  the  circle  is  now  placed  in  tiie 
of  the  angle  and  made  to  turn  in  this  plane,  so  that  thi 
scope  of  the  fJEUse  is  directed  towards  the  point  .H,  the 
telescope  being  directed  to  the  point  B,  the  oirde  remaic 
the  position  Fig.  165.  The  circle  is  now  to  be -turned  ui 
lower  instnunent  is  directed  towards  the  point  A,  as  in  2| 
The  circle  being  again  fixed,  the  upper  telescope  is  dstadh 
S  trained  so  as  to  be  directed  to  the  point  B,  as  in  Fig.  167. 
upper  instrument  is  thus  made  to  describe  an  angle  e 
double  that  sought  for,  and  the  index  travels  oivar  the  liz 
exact  measure  of  this  double  angle,  whioh  it  representB  in  di 
minutes,  and  seconds ;  dividing  this  number  by  two,  tfas 
value  of  the  angle  is  obtained.  Supposing  the  qg^entiaa 
quire  confirmation,  the  same  process  may  be  repeated,  ti 
the  whole  instrument  round  the  axis  of  the  oirdle,  m>  th 
upper  telescope  is  again  directed  towards  the  pdint  A,  as  i 
the  other  detached  and  turned  towards  point  B,  asSn  169, 
the  instrument  stands  exactly  in  its  first  position,  as  at  Fi| 
the  only  di&rence  being  that  the  index,  which  at  the  beg 
of  the  fizst  operation Vas  at  zero  of  the  graduated  aoitle,  has, 
end  of  the  first  operation,  travelled  over  it  double  the  disti 
the  angle  sought ;  and,  at  the  end  of  the  second  operation,  this  distance  from  zero^ : 
drilled ;  in  order  to  get  die  exact  value  of  the  angle,  the  portion  of  the  oitd 
tEavelled  over  has  to  Jie  divided  by  four.  In  order  to  diminish  the  chanoM  af.fi 
•reading  off  the  soale  at  the  end  of  these  operations,  four  different  veniiei%  i^ 
umbdivided,  are  fixed  .upon  the  ciide ;  one  of  the  indexes  only  which  accompazi] 
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Temien  is  employed  to  determine  the  entire  number  of  divisions  of  the  limb  which 
the  telescope  has  turned;  but  the  four  yendei'S  give  each  besides  a  Talue  of  the 
firaotloD  of  diyision  which  is  to  be  added  to  the  entire  number,  and  it  is  the  mean  of 
.theiriiadications  which  is  given  as  the  yalue  of  this  fraction  of  division.  The  ixiicro- 
■oopaB  M  M  (Fig.  161)  are  so  disposed  that  the  divisions  of  the  vernier  can  be  easily 
obMEvad,  as  well  as  the  ooinoidonce  of  one  of  them  with  the  scale  of  the  limb  itself. 
It  is  hardly  necessary  to  add  that  the  repetition  of  the  operation  secures  immunity  firom 
enor,  fmd  that.it  also  gives  its  name  to  the  instrument. 

9o  JOeasiue  the  Zenith  Distance. — In  measuring  the  angle  we  have  real 
oljeots  to  deal  with ;  it  is  otherwise  in  the  present  operation.  We  name  the  zenith 
that^point  of  the  heavens  to  which  the  vertical  line  is  directed,  and  this  direction  is  very 
neatly  indicated  by  the  plumb-line  (Fig.  170).  The  zenithal  distance  of  a  point  is  the 
'^f<fif\  angular  distance  of  this  point  and  of  the  zenith—that  is  to  say,  the  angle  that  the 
'•'^^^  ray  directs  towards  the  point  made  in  the  vertical  at  the  place  of  observation. 
The  zenith  is  not,  as  we  hare  said,  a  point  that  we  can  observe  with  an  instru- 
ment ;  but  the  zenith  distance  is,  nevertheless,  to  be  found  by  the  following 
operation : — In  order  to  render  the  repeating  circle  available  for  measuring 
the  zenith  distance,  the  axis  of  the  column  F  (Fig.  161)  is  rendered  perfectly 
vortical.  For  this  purpose  three  powerful  screws,  G,  are  required,  on  which 
the  instrument  is  to  res^  turaing  these 
screws  until  it  is  perfecUy  level,  which 
is  ascertained  by  means  of  a  spirit  level 
(Fig.  .171)  fixed  to  the  tube  of  the  lower  telescope,  ^^^-  ^'^^' 

in  A. horizontal  position,  while  the  circle  itself  is  nearly  yertical,  as  in  Fig.  172.;  the 

■crews,  M  »  9  (Fig.  174),  being  used  to  regu- 
late the  position  and  render  the  whole  per- 
fectly square. 

Having  aaoertained  that  this  position  is 
attained,  turn  the  whole  instrument  round 
the  axis,  F  (Fig.  172),  until  the  spirit  level 
is  parallel  to  the  line  p  q  and  perpendicular 
to  the  line  m  fi  (Fig.  173). 

?! 


Fig.  170. 


Fig.  172.  ^^'  ^^^' 

The.axis  of  the  column  of  the  circle  and  the  plane  of  the  circle  being  thus  rendered 
perfectly  Tertical,  the  upper  telescope  is  to  be  turned  upon  the  circle  so  that  its  index 
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stands  at  zero  of  Uie  graduated  scale,  and  the  circle  is  fixed  in  this  position.    The  circle 
is  then  turned  with  the  telescope,  first  around  the  axis  of  the  column  so  as  to  lead  tiie 
vertical  plane  of  the  circle  hy  the  point  A  (Fig.  174),  and 
afterwards  round  the  axis  of  the  circle  so  as  to  train  the 
optical  axis  of  the  glass  exactly  towards  the  same  point. 
The  circle  being  fix^  in  this  position  by  means  of  the 
I       tangent  screw  acting  on  the  extremity  of  its  axis,  a  half 
!       turn  is  given  to  all  the  instrument,  which  carries  it  round 
;       the  axis  of  the  column,  placing  it  in  the  position  indicated 
(Fig.  175),  detaching  the  instrument,  and  training  it  along 
round  the  axis  of  the  circle  in  such  a  manner  as  to  point 
towards  A  (Fig.  176).    It  is  clear  that  in  this  moTemoit 
the  telescope  has  made  an  angle  double  the  zenithal  distance 
A  0  Z  (Fig.  1 79),  which  is  to  be  determined ;  and  that  by  read- 
ing the  number  of  degrees,  minutes,  and  seconds  of  the 
graduated  scale  to  which  the  index,  which  accompanies 
I      the  telescope,  corresponds,  we  have  only  to  take  the  half 
i       of  this  number  to  have  the  value  of  zenithal  distance. 

The  operation  may  here  terminate,  if  the  operator  is 
satisfied  with  the  measure  obtained ;  but  should  he  wish 
to  verify  the  calculations  by  increasing  the  multiple  of 
the  angle,  he  may  continue  the  operation  by  making  a  half 
turn  round  the  axis  of  the  column,  crossing  the  circle  in 
its  plane,  so  that  the  telescope,  which  remains  fixed,  ii 
again  directed  towards  the  point  A  (Fig.  178). 
?  The  instrument  is  now  in  exactly  the  same  position 

as  in  Fig.  174,  and  the  first  operation ;  but  the  index,  in 
place  of  being  at  zero,  is  now  at  an  angular  distance  firam 
zero  just  double  the  data  we  seek  to  value.  A  new  open- 
tion,  exactly  like  the  first,  consequently  gives,  at  itstenni- 
nation,  a  value  of  four  times  the  value  of  the  xenithal 
distance,  and  the  sum  found,  divided  by  four,  will  give  the 
precise  value. 

)  JES 


Fig.  179. 
The  Theodolite. — ^The  repeating  circle  measures  with  great  exactness  the  angle 


THE  TIIEOUOLITE. 


385 


II  0  5  (Fig.  173),  formcfd  by  tho  right  linei  joinmg  the  twa  pomts  A  aod  B  at  tha 
point  0»  But  it  fr^qu^ntly  Inippeiia  that  thu  angle  comprised  betveeiL  the  Tertical 
planed  Z  O  A^ 
Z  0  Bj  which 
posBes  between 
these  two  points, 
is  reqmred — that 
iftf  the  angle  aOhf 
formed  by  the  in- 
tersections, 0  a  0  A, 
of  the  two  planes, 
vertical  with  the 
horizontal  plane, 
H  H.  Our  know- 
ledge of  tho  angle 
A  0  B,  mea&iired 
by  the  repeating 
circle,  added  to 
that  of  the  angles, 
Z  0  A,  Z  0  13, 
which  ore  the  ze- 
nith distance  of 
the  point*  A  and 
B,  enables  us,  hf 
deducting  the 
angle  a  0  ^,  either 
by  geometrical 
fso^atruction,  or 
by  trigonometrical 
calcuIatioTi^  to  de- 
termine the  angle. 
But  it  is  Homo- 
times  more  conve- 
xmient  to  aacertain 
it3  yalue  by  direct 
meaauroment,  and 
the  theodolite  we 
are  about  to  de- 
scribe e  n  ables  us  ta 
do  this  with  great 
exactneas. 

Thifl  instru- 
ment is  reppe- 
MntedinFig.180.  Fi^.  180. 

It  ia  eomposcd  of  two  graduated  cirt  lea,  of  whio^  the  one  is  vertical,  tlie  other  hori- 
zontal. The  first  of  thoBo  two  circles^  A,  h  adapted  to  the  horizontal  axis  B,  round 
**hich  it  tum».  The  asiiS  B  is  carried  by  the  upper  extremity  of  the  vertical  axis  C, 
iound  which  the  circle  A  arid  the  axis  B  can  ho  turned  by  one  common  mnveraent. 
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The  weight  D  acts  as  a  counterpoise  to  balance  the  circle  A,  preserying  it  steadily  on  the 
Tertical  axis  C.  The  second  circle,  £,  has  it  centre  upon  the  same  yertical  axis  C, 
and  turns  on  its  plane  round  the  axis.  The  foot  of  the  instrument  is  famished  with 
three  double  screws  like  the  repeater,  bv  means  of  which  the  instrument  can  be  rendered 
perfectly  vertical,  which  is  ascertained  by  means  of  the  spirit  level,  F,  on  the  axis  E 
This  spirit  level  is  not  carried  round  with  the  circle,  as  in  the  repeater,  but  a  alight  moidao 
can  be  given  to  it  by  means  of  the  screw  a,  thus  slightly  raising  or  depressing  (me  of  its 
extremities,  and  making  it  turn  round  a  small  axis  at  its  other  extremity.    In  this 

n  manner  it  is  so  managed  that  the  bead  of  the  level  will  be  exactly  m 
the  centre  of  its  tube  when  the  axis  G  is  in  a  vertical  position; 
and,  consequently,  the  plane  of  the  drde  A  will  be  yertical  alsa 
As  a  test  of  circle  and  the  axis  C  being  perfectly  vertical,  and  the 
axis  B  horizontal,  the  moveable  spirit  level'  Fig.  181,  is  used. 
Flff.  181.  This  instrument  is  made  so  as  to  rest  on  the  axis  B ;  the  feet  of 

the  spirit  level  being  adapted  to  it  for  that  purpose,  while  it  is  supported  in  its  pkce 
by  the  fork  A  (Fig.  180). 

The  telescope  G  is  adapted  to  an  inner  circle,  which  mores  round  the  interior  of 
the  circle  A.  In  like  manner  the  parts  of  the  instrument  attached  to  the  horixootil 
circle,  E,  arc  fixed  to  an  inner  circle,  which  moves  round  its  interior,  the  outer  extremity  i 
of  each  circle  carr}'ing  a  graduated  scale,  to  which  the  inner  drde  acts  as  an  index  gmds. 
A  clamp,  ff,  having  an  adjusting  and  guiding  screw,  serves  to  fix  the  circle  E  to  tb 
pedestal,  while  another  clamp,  #,  in  a  similar  manner,  serves  to  fix  the  upper  parts  to 
it ;  and  a  third  clamp,/,  serves  to  fix  the  limb  A  in  such  a  manner  as  to  be  in  oppositioD 
to  it  when  turned  round  its  centre.  A  fourth  clamp,  not  seen  in  the  figure,  attaehfii 
the  tclosoopc  G  to  the  circle  A. 

A  second  telescope,  U,  is  adapted  to  the  pedestal  of  the  instrument,  whose  more- 
monts  from  its  position  are  very  limited ;  it  serves  no  other  purpose,  however,  than  to 
keep  thv^  fo(^t  of  the  instrument  steady  while  the  observation  is  in  progress.  With  ^ 
objoot,  profiting  by  the  limited  movements  it  can  take,  its  optical  axis  is  trained  in  the- 
direction  of  a  point  which  can  bo  easily  recognized ;  and  from  time  to  time,  wbSk 
shifting  the  instnimont,  serves  to  assure  the  observer  that  the  telescope  is  directed  totbe 
same  point  as  at  the  commencement  of  the  operation.  A  guiding-screw,  ^,  in  the 
fiH>t  of  the  pedestal  serves  as  a  slow  movement  by  which  the  optical  axis  of  this  ^ 
may  bo  trained  to  the  required  point. 

To  measure  the  angle  comprised  between  the  two  vertical  planes  passing  between 
two  objects,  turn  the  whole  upper  part  of  the  instrument,  independently  of  the  gndi- 
atod  limbf  £,  so  that  the  index  traced  upon  the  imier  circle  coincides  with  zero  of  the 
graduation,  and  fix  this  circle  to  the  limb  E  in  this  position  by  means  of  the  clamp  «• 
l^y  turning  the  limb  F.  and  all  it  carries,  and  at  the  same  time  moving  the  telescope  G  | 
Tvnmd  the  contn^  of  the  oirx^lo  A,  so  that  the  optical  axis  is  directed  to  the  first  of  tin  I 
two  objects  to  bo  obsorrod  uivu,  the  tirst  v^poration  is  completed.    Fix  the  limb  £  in  tWi  I 
p\%sition  by  moau:^  of  the  clamp  e^,  for  iho  stvond  operation,  throwing  loose  at  the  itme  I 
tim<»  the  clamp  ^,  and  turning  the  upper  instrument  round  its  axis  so  as  to  lead  the  | 
tolosooiH^  G  diiw't  to  the  second  objoot.    Tho  irwiox  of  the  circle  moving  in  the  intoiorof 
the  limb   K  has  do^^ribod  upv>n  this  limb  an  an*  representing  the  value  of  the  angle 
s^Hight,  and  of  whioh  wo  can  rpad  tho  v«luo  on  the  graduated  scale. 

If  it  i*  intonviod  to  apply  tho  principle  c^f  ropoating  the  angle»  fix  the  higher  instro- 
RM4\t  t\>  tho  limb  K  in  tho  p^>siuon  i;  has  now  atutined :  loMen  the  cJamp  d  and  tun 
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the  limb  E,  with  all  above  it,  so  that  the  telescope  G  is  again  directed  to  the  first 
object.  Fixing  the  circle  E  in  this  position  by  means  of  the  clamp  d,  and  turning  the 
upper  part  of  the  instrument  until  the  telescope  G  is  directed  to  the  second  object,  and 
H  ia  dear  that  the  index  of  the  inner  circle  has  described  another  arc  equal  to  that 
already  described  in  the  first  operation;  and  so  on,  continuing  the  same  series  of 
operations  untiL  the  multiple  is  sufficiently  enlarged  to  secure  a  result  free  from  error 
when  it  is  reduced  to  its  real  value,  which  is  done  by  dividing  the  gross  result  by  the 
xmmber  of  multiples.  The  readings  on  this  instrument  is  accomplished  by  means  of 
TernierSy  whose  divisions  are  enlightened  by  small  plates  of  polished  glass  mm,  and  by 
the  microscopes,  n  m,  trained  on  the  scale  ;  by  these  means  indications  are  easily  read  off. 
ThA  Altitude  and  Asiinuth  Znstzument. — This  is  the  most  useful  of  all 
tbe  portable  instruments,  and  to  the  scientific  traveller  an  invaluable  one,  measuring 
with  g^eat  accuracy  both  vertical  and  horizontal  angles. 

In  applying  the  instrument  to  astronomical  purposes,  it  was  formerly  the  custom  to 
elamp  it  in  the  direction  of  the  meridian,  and  after  taking  an  observation,  or  series  of 
observations,  with  the  face  of  the  instrument  one  way,  to  wait  till  the  next  night  or  till 
Importunity  permitted,  and  then  take  a  corresponding  series  of  observations  of  the  same 
object  with  the  face  reversed,  by  way  of  verification.  This  is  now  seldom  practised, 
b^g  obviously  imperfect.  The  instrument  consists  of  a  central  tripod,  to  which  is 
fbaodi  the  azimuth  circle,  having  a  horizontal  motion  of  about  three  degrees,  so  that  its 
flOKD  can  be  brought  exactly  in  the  meridian  by  means  of  a  slow  moving  screw  beneath 
flie  circle.  The  tripod  rests  upon^foot  screws,  which  are  described  by  Mr.  Troughton 
in  the  memoirs  of  the  Astronomical  Society,  as  "  being  double,  that  is,  a  screw  within 
a  screw,  the  exterior  one  having  its  female  in  the  end  of  the  tripod,  and  the 
female  of  the  interior  screw  being  within  that  of  the  exterior,"  by  which  ingeni- 
oua  contrivance  three  distinct  motions  are  gained  for  regulating  the  azimuth.  Brass 
cups  are  placed  under  the  spherical  ends  of  the  foot  screws ;  this  screw,  invented  by 
Mr.  Troughton,  is  intended  to  give  a  very  slow  motion  to  one  of  the  feet,  and  the  foot  of 
the  tripod  is  designed  to  be  placed  either  north  or  south.  Above  the  azimuth  circle,  and 
concentric  with  it,  is  a  strong  circular  plate,  which  carries  the  whole  of  the  upper 
works.  This  plate  rests  on  the  axis  of  the  azimuth,  and  moves  concentrically  with  it. 
Bising  from  this  plate  are  two  strong  conical  pillars,  on  which  the  transit  instrument  is 
supported.  Upon  the  axis,  as  a  centre,  is  fixed  a  double  vertical  circle  with  the  telescope 
between  them,  the  circles  being  fastened  together  by  small  brass  pillars,  while  the  gradu- 
ated scale  is  made  on  a  narrow  silver  ring,  inlaid  on  the  outer  face  of  one  of  the  circles. 
Two  reading  microscopes  are  placed  at  each  extremity  of  the  circle,  supported  by  two 
attached  near  the  top  of  the  pillars.  The  adjustments  required  are  as  follows : — The 
horizontal  circle  is  first  to  be  leveled,  which  is  to  be  effected  in  the  same  manner  as 
with  a  theodolite.  The  axis  of  the  telescope  must  also  be  leveled,  as  in  the  transit 
iBstniment,  and  the  spider  lines  adjusted  for  colliraation  and  verticality.  The  meridional 
point  on  the  azimuth  circle  is  its  rc&oing  when  the  telescope  is  pointed  north  or 
Bouth,  and  may  bo  determined  by  observing  a  star  at  equal  altitudes  east  and  west  of 
the  meridian,  and  finding  the  point  midway  between  the  two  observed  azimuths ;  or  the 
instrument  may  be  adjusted  to  the  meridian,  in  the  same  manner  a6  a  transit.  The  hori- 
zontal point  of  the  altitude  circle  is  its  reading  when  the  axis  of  the  telescope  is  horizontal, 
and  may  be  found,  as  with  the  mural  circle,  by  alternate  observations  of  a  star  directly 
and  reflected  from  the  surface  of  mercury.  The  telescope  usually  carries  in  its  principal 
focna  a  spider  line  micrometer,  as  in  the  transit  instrument  to  ^e  ^^^tT!k)Q^^x««fcT^ 
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The  BUciometer. — ^We  haye  had  occasion  to  mention  this  instnunenty  and  a 


Fig.  182. 


short  account  of  it  may  not  he  out  of  pkce  here.  It 
of  a  system  of  very  fine  wires  (Fig.  182),  hy  which  the  appazent 
magnitude  of  heayenly  hodies  may  he  measured,  and  the  exact 
moment  of  their  transit  across  the  wires  calculated  with  great 
exactness.  In  the  case  of  refracting  telescopes,  the  micrometer 
is  fitted  in  the  instrument  itself.  In  circular  instruments,  and 
the  larger  instruments  of  ohservatories,  it  forms  a  part  of  tiie 
microscope  attached  to  the  outer  edge  limh  for  reading  off  the 
graduated  scale. 

When  a  telescope  is  fitted  with  the  micrometer,  the  right  line  of 

the  optical  axis  o  (Fig.  183), 
exactly  coincides  with  the 
centre  of  the  crossed  lines 
B.  When  it  receives  the  ny 
A,  it  is  very  ohvious  tiaU 


i 


/f 

Fig.  183 

hy  a  proper  arrangement  of  wires,  the  utmost  exactness  of  ohservation  may  he  attained. 
The  micrometer  is  usually  formed  of  the  finest  platinized  wire,  having  three  horizontil 
and  four  transverse 
wires.  When  the  tele- 
scope is  furnished  with 
this  instrument,  the  re- 
ticulated frame  A  (Fig. 
184)    is  placed  at  the 


Fig.  184. 


Fig.  185. 


end  of  the  tube  B  C,  near  the  eye-piece,  which  again  shuts  into  the  principal  tube  D  of 
the  telescope.  On  the  other  hand,  the  object-glass  £,  F,  formed  of  two  lenses,  also 
shuts  into  the  same  tube,  each  requiring  to  have  their  focal  distance  from  the  object* 
glass  adjusted  either  by  the  hand  or  hy  means  of  a  guiding  screw. 

In  tlic  case  of  circular  instruments,  the  micrometer  is  fitted  in  a  microscope,  as  repre- 
sented in  Fig.  185. 
It  is  firmly  fixed 
in  its  position,  so 
as  to  enable  the 
observer  to  read 
off  the  angle  from 

the  graduated  scale  on  the  outer  side  of  the  limh  C  D. 
In  small  instruments,  tho  screws  which  serve  to  fix  the 
mieri^scope  in  its  position  are 
usually  arranged  so  as  to  re- 
gulate its  distance  from  the 
limb  of  the  circle.  In  the 
body  of  the  microscope  at  a 
are  placed  two  wires,  cross- 
ing each  other  diagonally, 
which  may  be  made  to  tra- 
verse the  field  of  view,  either 
Wjf.  isr,  horiiontally  or  perpendicu- 

lMly»   by  tttrainy  the  miciv4neter  screw,  «,  wooing  in  the  box 
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Figure  186  represents  the  field  of  view,  with  the  magnified  bars  of  the  graduated  scale 
as  seen  through  the  microscope.  A  small  mirror,  I  (Fig.  185),  is  sometimes  fixed  to 
the  micrometer,  arranged  in  such  a  manner  as  to  throw  the  light  of  a  lamp  or  a  jet 
of  gas  upon  the  part  of  the  limb  which  is  opposite  to  the  microscope ;  it  is  sometimes 
pierced  with  an  opening  in  the  centre,  which  receives  the  rays  and  serves  to  illumine 
the  microscope  itself.  In  the  larger  instruments  of  observatories,  they  are  fixed  in  the 
waU  which  supports  the  circle,  the  graduated  scale  being  illuminated  by  a  lamp  or  jet 
of  gas.  The  shaded  part  represents  a  diaphragm  with  the  cross  wires,  the  angle  of 
which  may,  by  turning  the  micrometer  screw,  «,  be  bisected  by  any  line  on  the  circle 
in  the  field  of  view.  On  the  left  hand  of  the  diaphragm,  is  a  comb,  or  scale,  each  tooth 
of  which  represents  one  minute,  and  one  revolution  of  the  screw  moving  the  wiies  over 
one  tooth  of  the  comb  is  equal  to  one  minute  of  space. 

The  adjustment  of  the  microscope  consists  in  making  the  cross  wires  in  its  focus, 
and  the  divisions  on  the  circle  both  appear  at  the  same  instant  of  time,  and  free  from 
parallax,  the  adjustment  is  such  that  five  revolutions  of  the  micrometer  screw  shall 
measure  a  five  minute  space  on  the  graduated  circle.  For  the  former  of  these  adjust- 
ments in  the  telescope  draw  out  the  eye-piece  until  the  diatinct  vision  of  the  wires  is 
obtained,  and  the  divisions  or  bars  of  the  instrument  arc  well  defined. 

The  motion  of  the  comb,  or  scale  of  minutes,  is  regulated  by  a*«crew,  and  the  micro- 
meter head  by  friction  can  be  made  to  read  either  zero,  or  any  required  second  when  the 
cross  wires  bisect  any  particular- bar,  by  holding  the  milled  head'of  the  micrometer  screw. 
The  Equatozlal. — The  instruments  we  now  come  to  describe  belong  exclusively 
to  observatories,  and  in  these  establishments  the  equatorial  is  specially  adapted  to  mark 
the  diurnal  movements  of  the  heavens.  The  axis  A  A  (Fig.  188),  round  which  the 
whole  of  the  instrument  can  turn,  is  so  arranged  as  to  follow  the  axis  of  our  planet 
the  earth,  and  it  carries,  laterally,  the  graduated  scale  B  B,  which  can  turn  both  in 
its  plane  and  round  its  centre.  The  telescope  C  C,  fixed  to  this  circle  follows  its 
movements,  and  its  optical  axis  thus  makes  an  angle  variable  with  the  earth's  axis.  A 
second  graduated  circle,  D,  D,  whose  plane  is  parallel  to  the  celestial  equator,  and  having 
the  axis  A  A  as  its  centre.  It  is  fixed  in  such  a  manner  that  it  follows  all  the  movements 
of  the  instrument  in  its  rotations  round  this  axis ;  the  position  of  this  second  circle 
determines  the  attributes  and  gives  name  to  the  instrument.  The  clamp  E  E,  with 
guiding  and  reversing  screws,  intended  to  fix  the  circle  and  the  telescope  to  the  axis  A  A, 
when  the  circle  turns  round  its  centre,  is  carried  by  the  pieces  F  F  attached  to  the 
axis.  Two  micrometers,  G  G,  are  adapted  to  the  extremities  of  the  cross  beam,  firmly 
attached  to  the  axis  in  such  a  manner  as  to  permit  of  the  divisions  of  the  graduated 
scale  carried  on  the  side  of  the  limb  of  the  circle  being  read  offl  Other  micrometers 
are  attached  to  the  mason-work  which  carries  the  extremities  of  the  axis,  and  are 
intended  to  read  the  graduated  scale  of  the  second  circle  D  D,  which  in  this  instance 
is  on  the  upper  face,  and  not  on  the  outside  of  the  limb.  Such  an  instrument  affords 
grreat  advantages  in  measuring  the  relative  position  of  two  contiguous  bodies,  in 
measuring  the  diameters  of  the  planets,  &c.  The  circle  which  is  connected  with  the 
polar  axis  is  graduated  into  hours,  minutes,  and  seconds  of  time,  to  indicate  the  right 
ascension  of  the  object  under  examination ;  while  the  circle  connected  with  the  decli- 
nation axis  is  graduated  into  degrees,  minutes,  find  seconds  of  arc,  to  indicate  declination 
or  polar  distance. 

From  this  disposition  of  the  instrument  it  wUIbe  seen  that  the  optical  axis  or  line  of 
collimation  of  the  telescope  turns  towards  all  points  of  the  heavens,  and  in  making  it  turn 
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with  the  circle  B  B  round  its  centre,  it  can  he  made  tu  form  any  angle  with  the  axis  of 
the  earth.    If  the  circle  B  B  is  fixed  in  one  particular  position,  hj  means  of  the  clamp 


n?.  ij>s. 


£  £«  and  an  entire  turn  is  made  all  round  the  axis  A  A,  it  is  evident  that  the  optical 
axis  of  the  telescope  meets  the  celestial  sphere  at  Tarioos  points  of  the  same  panlld. 
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A  particular  piece  of  mechanism,  K,  permits  the  equatorial  circle,  D  D,  to  be  put  in 
communicatioa  with  a  clock  moyement,  so  disposed  that  the  circle,  D  D,  performs  an 
entire  turn  on  its  axis  in  a  sidereal  day.  If  the  optical  axis  of  the  telescope  is  directed 
to  a  star  after  the  circle  B  B  is  fixed  to  the  axis  A  A,  and  the  circle  D  D  put  in  commu- 
nication with  the  clock-work,  the  whole  instrument  will  be  carried  along  with  it,  and 
liie  telescope  will  continue  to  follow  the  movements  of  the  star ;  thus  affording  a  means 
of  verifying  the  uniform  rotatory  movement  of  the  celestial  sphere,  after  having  made 
due  allowance  for  the  effects  of  atmospheric  refraction. 

The  telescope  of  the  equatorial  requires  to  be  in  such  a  position  that  it  can  be 
directed  to  every  part  of  the  heavens  above  the  horizon.  This  renders  it  necessary  that 
the  instrument  should  be  so  placed  as  to  be  clear  of  interruption  from  neighbouring 
objects.  It  is  usual,  therefore,  to  place  it  in  the  upper  part  of  the  observatory.  The 
engraving  at  page  273  represents  a  section  of  the  equatorial  room  of  the  Paris  observa- 
tory. Fig.  187  representing  a  part  of  the  instrument,  of  which  we  shall  here  give  a 
brief  description. 

The  axis  is  supported  at  its  lower  extremity  by  a  massive  piece  of  masonry,  L,  its 
upper  extremity  being  supported  by  the  iron  besm  M,  made  as  light  as  the  safety  of  the 
instrument  and  steadiness  required  will  permit.  The  instrument  is  protected  from  the 
weather  by  a  roof  in  the  form  of  a  hemisphere,  having  a  long  opening  following  its 
vertical  plane,  and  formed  with  doors  sliding  laterally  so  as  to  leave  a  free  opening  in 
every  required  direction.  By  this  arrangement  the  glass  can  sweep  the  heavens  on  its 
vertical  plane  from  the  zenith  to  the  horizon ;  and  by  sliding  the  other  parts  of  the 
roof,  the  whole  of  which  is  placed  on  friction  rollers,  and  furnished  with  a  crank,  B, 
for  the  purpose  of  moving  it,  every  portion  of  the  heavens  can  be  swept  with  the 
instrument.  The  equatorial,  consisting,  as  we  have  seen,  of  one  circle,  parallel  to  the 
plane  of  the  equator,  and  of  another  circle  which  follows  the  axis  of  the  earth,  is  arranged 
so  as  to  coincide  with  any  circle  of  declination,  and  is  well  adapted  for  measuring 
the  differences  of  right  ascension  and  declinations  of  two  neighbouring  stars. 

The  Tzansit  Instrament. — The  place  of  an  object  in  the  heavens  is  mostly 
defined  by  two  dements,  viz.,  by  its  right  ascension  and  north  polar  distance.  In  the 
first  approaches  to  accurate  results  of  observation,  these  elements  were  generally  deter- 
mined by  a  mural  arch  or  quadrant,  firmly  fi^ed  in  the  direction  of  the  meridian,  the 
position  of  which  was  frequently  checked  by  equal  altitudes  of  stars.  It  was  by  means 
nearly  similar  that  Flamsteed  observed  his  catalogue  of  three  thousand  stars,  which 
has  been  so  ably  reduced  and  edited  by  the  late  Mr.  Baily,  and  is  generally  known  as 
the  '<  British  Catalogue." 

Lacaille,  at  the  Cape  of  Good  Hope,  observed  his  zones  in  like  manner,  using  cer- 
tain well-determined  stars  as  "zero  points,"  whose  positions  had  been  obtained  by  inde- 
pendent methods.  The  first  astronomer  was  content  with  noting  his  observations  to 
seconds  of  time — an  accuracy  which,  from  the  imperfection  of  his  instruments,  he 
considered  to  be  quite  sufficient.  The  invention  of  the  transit  instrument  by  Eoemer» 
in  the  year  1690,  enabled  astronomci^s  to  make  great  advances  in  the  accurate  determi- 
nations of  right  ascensions.  This  element,  the  most  delicate  and  important,  essentially 
depends  upon  time,  and  is,  therefore,  more  difficult  of  direct  estimation  than  the  other, 
which  consists  of  angular  measurement,  read  off  on  graduated  instruments,  which  modem 
artists  have  been  enabled  to  bring  to  an  astonishing  degree  of  perfection.  The  transit 
instrument  has  been  successively  improved  since  the  first  idea  of  Boemer.  Dr.  Halley, 
when  Astronomer  Boyal,  introduced  its  use  at  Greenwich,  the  construction  being  similar 
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to  that  given  by  Lcrrcbow  in  his  '*  Praxis  Astronomias."  In  this  arrangement  i 
telescope  was  placed  twenty-six  inches  nearer  one  end  of  the  axis,  instead  of  being  o 
tral— a  construction  which  evidently  rendered  the  determination  of  error  of  coUimati 
very  troublesome. 

The  form  of  the  transit  instrument  used  by  Dr.  Bradley  (the  next  Astronon 
Boyal)  differs  little  from  that  adopted  in  modem  times,  viz.,  a  telescope  fixed  at  lig 


Fi^,'.  1S9. 


angles  to  a  cross  axis,  and  capable  of  taking  all  positior»s  in  the  meridian  of  the  plaw 
This  axis  terminates  in  two  cylindrical  pivots,  resting  in  Y*s,  so  that  they  only  tone 
in  two  points  for  the  purpose  of  diminishing  the  friction.  One  of  these  Y's  is  moveab] 
in  such  a  manner  as  to  correct  either  an  error  of  horizontality  of  the  axis,  or  an  erK 
of  deviation  from  the  meridian.  The  instrument  is  furnished  with  a  gradiiated  settin 
circle,  sometimes  placed  at  one  extremity  of  the  axis  concentric  to  this  axis  (as  wastli 
case  formerly  with  Troughton's  Greenwich  transit  instrument),  or  two  small  divide 
circles  placed  near  the  eye  end  of  the  telescope.  In  the  common  focus  of  the  objecl 
glass  and  eye-glass,  a  system  of  wires  is  placed  for  the  purpose  of  defining  the  positio 
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of  an  obect  as  it  passes  through  the  telescope.  These  wires  are  of  extreme  tenuity,  and 
generally  consist  of  five  or  seyen  vertical  wires  and  two  horizontal 
(Fig.  190),  the  central  vertical  wire  closely  approaching  to  the  me- 
ridian. The  object  of  the  lateral  wires  is  to  diminish  the  error  of 
estimation  of  a  star's  transit,  by  toking  the  mean  of  all,  since  the 
time  of  transit  over  a  single  wire  would  be  liable  to  some  uncer- 
tainty. To  prevent  any  error  arising  from  parallax  in  the  observa- 
tion of  the  wires,  the  eye-piece  is  moveable  by  a  screw,  so  that  tho* 
transit  over  each  wire  may  be  observed  in  the  centre  of  the  field. 
The  adjustments  of  a  transit  instrument  are,  first,  that  its  optical  axis,  or  the  line  join- 
ing the  centre  of  the  object-glass  and  the  middle  wire,  be  perpendicular  to  the  axis  of 
rotation ;  secondly,  that  the  axis  be  horizontal ;  and,  lastly,  that  when  corrected  for 
the  two  preceding  adjustments,  the  line  of  collimation  describes  the  meridian. 

The  other  instrument,  equally  important  in  connection  with  a  transit  instrument,  is 
a  sidereal  clock,  beating  seconds,  and  so  regulated  that  the  hour-hand  will  describe  a 
complete  revolution,  or  86,400  seconds,  from  the  time  of  a  star's  transit  over  the  meridian 
fibre  to  its  return  to  the  same  point.  The  difference  of  the  clock's  gain  or  Ipss  from 
this  number  is  termed  its  rate;  the  excellency  of  a  clock,  therefore,  depends  on  the 
steadiness  of  its  rate,  and  every  means  are  taken  by  mechanical  refinements  to  preserve 
its  uniformity.  Astronomical  clocks  are  generally  funished  with  mercurial  pendulums 
for  the  purpose  of  compensating  for  extremes  of  temperature. 

The  transit  clock  requires  to  be  mounted  on  a  pier  of  solid  masonry  for  the  purpose 
of  insuring  steadiness. 

The  method  of  observing  transits  is  as  follows  : — ^The  observer,  being  comfortably 
seated  (the  telescope  having  been  previously  directed  to  the  colimating  star),  notes 
carefully  the  minute,  second,  and  fractional  part  of  a  second  at  which  a  star  transits 
each  wire.  The  hour  is  afterwards  noted,  and  the  counting  of  the  clock  verified  when 
the  transit  is  completed.  This  is  done  for  several  objects,  the  mean  of  the  wires  is 
token,  and  thus,  the  differences  of  their  right  ascensions,  subject  to  the  rate  of  the 
dock,  can  be  found.  The  fractional  part  is  estimated  by  carefully  noting  the  position 
of  an  object  before  its  passage  over  the  wire,  and  after  its  passage  over  the  same  wire. 
By  a  little  practice,  the  instant  when  it  was  exactly  behind  the  wire  can  be  very  accu- 
rately proportioned.  In  good  observations  the  mean  of  wires  is  seldom  liable  to  an 
error  greater  than  one-tenth  part  of  a  second. 

Becently  a  new  method  of  recording  transit  observations,  by  the  agency  of 
galvanism,  has  been  brought  into  use  at  the  Royal  Observatory,  Greenwich,  which 
promises  to  supersede  the  old  systems  of  observing.  Its  first  introduction  appears  to 
have  been  in  the  coast  survey  of  the  United  States,  and  in  the  hands  of  Mr.  "Walker, 
Dr.  Locke,  and  Professor  Mitchell,  it  has  been  considerably  improved.  The  form  of  the 
invention,  as  described  by  the  Astronomer  Royal,  is  as  follows : — From  the  principal 
instruments  of  the  observatory,  galvanic  wires  are  connected  with  a  recording  surface 
placed  in  another  part  of  the  building.  The  transit  clock  at  each  beat  eompletes  a 
galvanic  circuit,  which  is  registered  by  proper  apparatus  on  this  recording  surface, 
consisting  of  a  cylindrical  barrel,  covered  with  prepared  paper.  Above  the  barrel 
(which  is  driven  by  clock-work  regulated  by  a  conical  pendulum),  a  system  of  prickers 
is  placed,  carried  by  a  travelling  frame,  moving  slowly  in  the  direction  of  the  barrel  axis. 
Thus,  the  pricker,  which  is  connected  with  the  transit  clock,  will  register  seconds  on 
this  barrel,  and  will  form  a  series  of  spiral  lines  as  it  revolves.    The  method  of 
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airangement  is  as  follows : — A  wheel  of  60  teeth  is  fixed  on  the  escape-wheel  aziBy 
and  the  teeth  of  this  wheel  in  succession  make  momentary  contacts  of  the  galTsnie 
springs.  The  position  of  the  springs  is  so  adjusted  that  the  effect  of  the  wheel-tootii 
upon  them  occurs  only  when  an  escape-tooth  has  passed  the  sloping  surface  of  tiie 
pallet,  and  the  other  escape-tooth  is  dropping  upon  its  bearing ;  and  thus  the  resist- 
ance of  the  springs  does  in  no  way  affect  the  legitimate  action  of  the  train  upon  the 
pendulum. 

Another  pricker;  carried  by  the  same  travelling  frame,  is  connected,  by  arbittaiy 
touch,  with  an  index  at  the  eye  end  of  the  transit  circle.  At  the  instant  of  a  stsi's 
passage  behind  the  wire,  the  observer  touches  this  index,  which  will,  therefore,  register 
on  the  barrel  a  series  of  punctures  equivalent  to  a  transit  observation.  An  advantage 
is  gained  by  this  method,  insomuch  that  the  equatorial  intervals  of  the  wires  may  be 
reduced  to  threo  seconds  of  time — the  duty  of  the  observer  merely  consisting  in  writing 
down,  in  addition  to  the  preceding  signals,  the  name  of.the  object  observed.  For  the 
purpose  of  registering  on  the  barrel  the  beginnings  of  some  minutes,  and  hours  and 
minutes,  from  which  the  rest  may  be  inferred,  a  provision  is  made  by  certain  pre- 
arranged signals  at  known  instants  of  the  transit  clock.  In  this  manner  the  paper, 
when  taken  off  the  barrel,  may  be  easily  translated.  This  system  has  so  ta 
succeeded  admirably  at  Greenwich,  requiring  only  the  use  of  the  nerves  of  sight  and 
sensations  of  touch,  of  which  there  is  a  more  intimate  connection  than  those  of  the 
eye  and  the  ear.  It  will,  therefore,  most  probably  reduce  the  amount  of  **  personal 
equation." 

It  frequently  happens  that  two  observers  will  not  give  the  same  time  of  the  occin^ 
rence  of  the  same  phenomenon ;  as,  for  instance,  the  passage  of  a  star  over  the  wires 
of  a  transit  instrument.  The  amount  of  this  difference,  which  is  termed  "  personal 
equation,"  varies  from  two -tenths  to  half  a  second,  though  instances  have  been  knoin 
of  this  quantity  exceeding  one  second  of  time.  Dr.  Maskelyne,  and  Kinnebrook  his 
assistant,  differed  in  this  manner  seven-tenths  of  a  second.  In  modem  times,  Beseel 
and  Argelander  have  differed  upwards  of  a  second.  The  method  of  determining  it  it 
to  compare  the  "  clock  error**  of  one  observer  with  that  of  another  independently 
obtained  (at  a  short  interval  of  time).  Or  it  can  be  deduced  by  taking  transits  of  the 
same  star  over  some  wires  of  a  transit  instrument,  by  one  observer,  compared  with  the 
transits  over  other  wires  by  another  observer.  Eeducing  each  separately  to  the  middle 
wire,  the  difference  of  their  methods  of  observing  may  be  at  once  deduced.  "We 
refer  to  the  annual  volumes  of  the  Greenwich  observations  for  examples  of  the  first  of 
these  methods. 

It  can  also  be  obtained  by  a  binocular  eye-piece,  an  instrument  which  permits  twe 
observers  to  see  the  star  in  its  passage  over  the  wires  at  the  same  time,  and  thus  to 
observe  the  whole  transit.     This  instrument  is  the  invention  of  the  late  Mr.  J.  Jones. 

In  order  to  determine  the  relative  accuracy  of  transit  observations  at  the  separate 
wires,  the  following  method,  first  introduced  by  Bessel,  and  recently  used  by  Struve 
and  Dr.  Oudemans,  may  be  applied.  Let  v  be  the  mean  error  of  one  observed  wire^ 
arising  from  a  defect  of  hearing,  1/  the  mean  error  produced  by  an  imperfection  in  the 
sight,  which  may  be  caused  by  a  wrong  estimation  of  the  time  at  which  the  star  paaMB 
behind  the  wire  (varying  with  the  thickness  of  the  wires) ;  then  the  mean  error  of  as 

observed  transit  at  one  wire  will  be      

M  =  t/(iP-  +  y*  sec'^  5). 

The  error  of  hearing,  or  Xy  will  arise  from  the  eatimatiy  |^  ^hm  f^eciae  instant  of  ^ 
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orig^  of  second,  and  will,  therefore,  be  the  same  for  all  stars.    The  other  will  vary 

as  the  secant  of  the  declination. 

Then  if  the  transits  of  several  stars  are  reduced  to  the  middle  wire  by  the  known 

interrals  of  the  wires,  and  the  difference  of  each  result  from  the  mean  is  taken,  the 

squares  of  these  differences  will  be  =  (n  —  m)  M^,  where  n  =  the  number  of  wires, 

m  =  the  number  of  observed  culminations.     The  probable  error  of  M,  determined  by 

'0*4769  0  9538 

this  equation,  will  be  M  — ■=-,  the  probable  error  of  the  value  M*  will  be  M^  — = — . 
yn  \/n 

Forming  for  each  culmination  2  («^),  and  their  sums  for  all  the  culminations  of  the 
same  star,  the  equation  will  become 

(n  ^m)z^  +  («  — ;»)  y'  gee'  8  =  5  5  («'). 
Proceeding  in  this  manner,  Dr.  Oudemans  has  found,  from  228  culminations  observed 
from  October  1847  to  October  1848,  the  mean  error  of  a  single  wire  ^ 

s.  s. 

or  M  =  v^ (0-12422  +  0-0603*  sec^  8). 
But  the  probable  error  s.  s. 

io  =  y'(008382  -I-  0(54072  sec2  «). 

A  similar  investigation  from  October  1848  to  October  1849,  gave  a  mean  error,  or, 
s.  s. 

M  =  i/(0-0962«  +  006022  sec^  5) ; 
and  the  probable  error  s.  s. 

to  =  t/(0  06492  ^  00406  sec2  8). 
It  would,  therefore,  appear  that  his  hearing  had  improved,  whilst  that  his  sight  had 
remained  the  same  as  before.    This  determination  rests  on  360  culminations. 

Dr.  Bobinson  has  recently  investigated  this  subject,  and  has  introduced  another 
error  arising  from  atmospheric  tremor,  which  he  considers  to  vary  as  the  secant  of  the 
aenith  distance.  From  his  observations  in  1830,  he  deduces  tiie  following  probable 
errors  for  a  star  whose  declination  is  8 : — 

s.  s.  s. 

a;  =  +  00446      y  =  +  00619,      Z,  or  the  atmospheric  tremor  =  +  0*0381. 
Several  years  afterwards,  he  found  the  following  values  : — 

aj  =  +  0-0732        y  =  ±  0-0554        z=±  0-0049. 

But  between  the  periods  of  the  two  observations,  new  and  more  numerous  wires  had 
been  inserted  in  the  transit  instrument.  < 

'^  Astronomers  are  very  careful  that  the  three  adjustments  of  the  transit  instrument, 
before  mentioned,  are  satisfied.  And,  firstly,  with  regard  to  the  line  of  collimation : 
This  adjustment  is  generally  made  by  the  observation  of  a  well-defined  terrestrial  mark 
in  one  position  of  the  axis,  measuring  its  distance  from  the  central  vertical  wire  (in 
terms  of  the  micrometer)  with  which  the  telescope  is  furnished.  If,  on  reversal  of  the 
fods,  the  mark  is  again  seen  at  the  same  distance  from  the  central  wire,  the  collimation 
of  the  instrument  is  correct ;  but,  if  not,  the  wire  frame  must  be  moved  to  one-half  the 
difGsrence  of  the  two  bisections.  In  the  practice  of  modem  observatories,  the  complete 
o(»3ection  of  this  error  is  seldom  attempted,  this  adjustment,  though  probably  in  large 
iDStraments  the  most  permanent,  being  nearly  corrected,  and  then  left  for  occasional 
Twifioation. 

The  following  extract  from  the  Greenwich  Observations,  1850  (Introduction,  page 
IPEVi),  will  show  the  method  of  determining  the  error  of  collimation :— 
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"  The  Talue  of  this  error,  which  is  given  in  seconds  of  space,  is  snpposed  positiye 
when  it  implies  an  additive  correction  to  the  transits  of  stars  above  the  pole.  For  its 
measurement  the  following  method  has  been  used : — 

"  A  small  transit  instrument  is  fixed  on  temporary  wooden  piers  in  the  north  opening 
of  the  transit  room,  and  its  object-glaiss  is  turned  towards  the  principal  transit  instru- 
ment. In  this  position,  when  the  principal  transit  instrument  is  turned  towards  the 
small  one,  the  wires  of  the  latter  arc  seen  as  well-defined  marks  at  an  infinite  distance, 
and  the  error  of  collimation  of  the  principal  transit  may  be  determined  by  repeatedly, 
reversing  it,  and  viewing  these  wires. 

"  In  November,  1846,  a  new  determination  of  the  value  of  the  micrometer-screw  (of 
the  transit  telescope)  was  made  by  means  of  six  transits  of  Polaris  over  the  two  wires 
moved  by  the  micrometer.  The  mean  of  the  intervals  of  the  times  of  transit  was 
found  to  be  3m.  l8.'17  ;  and  the  north  polar  distance  of  Polaris  being  1"  SO*  9" '3,  this 
corresponds  to  an  interval  of  space  =:  71"'188.  But,  by  bringing  each  micrometer 
wire  several  times  into  contact  with  the  fixed  central  wire,  this  interval  was  foxmd  to 
correspond  also  to  4r.*368  of  the  micrometer.     Hence,  one  revolution  =  16"*297. 

"April,  29d.  22h.     The  St.  Helena  transit  instrument  was  used  in  the  manner  stated 
above.    The  wire  appeared  as  a  broad  white  line,  there  being  no  reflector ;  and  the 
edges  of  this  line  were  observed  alternately  by  placing  upon  them  the  micrometer  , 
wire  of  the  transit  instrument  ' 

"OBSERVEK  M. 

Illuminated  End  East.  ^ 

Micrometer  reading  on  coincidence  with  collimator  (12  measures)  .  10-494 

Illuminated  End  West, 

Micrometer  reading  on  coincidence  with  collimator  (12  measures)  .  8*895 

Illuminated  End  East, 

Micrometer  reading  on  coincidence  with  collimator  (12  measures)  .  10*500 

Illuminated  End  West, 

Micrometer  reading  on  coincidence  with  collimator  (12  measures)  .  8  873 

Hence  reading  for  true  line  of  collimation  by  Ist  and  2nd  sets  .  9*695 

„                „                „                „            3rd  and  4th  sets  ,  9*687 

Reading  for  true  line  of  collimation 9*691 

Micrometer  reading  on  coincidence  with  D  or  central  vertical  wire  ,  9*674 

Hence  apparent  error  of  collimation  for  D        .        ,        ,        •  .  0*017 

"  The  illuminated  end  of  the  axis  was  left  east,  which  was  also  the  position  of  the 
micrometer  head  ;  and  as  the  readings  of  the  micrometer  increase  as  the  wire  moveB 
from  the  head,  D  (or  central  vertical  wire)  was  therefore  east  of  the  line  of  collimation, 
and  stars  pass  it  too  late,  or  the  error  of  collimation  of  D  is  —  0r.*0l7,  or  —  0"*277. 
Also,  with  the  illuminated  end  of  axis  east,  Polaris  passes  the  mean  of  wires  earlier 
than  it  passes  D  by  Os.*07,  which  in  arc  is  equivalent  to  0"*03  ;  and  the  correction  for 
diurnal  observation  is  —  0"*19.    Hence  the  corrected  error  of  collimation  is  —  0'*'44." 

The  second  method  of  determining  the  error  of  collimation  is  by  observations  of 
the  transit  of  Polaris,  or  any  other  close  circumpolar  star,  in  one  position  of  the  axis, 
compared  with  its  transit  in  a  reversed  position  of  the  axis.  By  proper  apparatns,  this 
reversal  o£  the  instrument  can  be  effected  during  the  time  of  transit.    If,  therefore. 
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2* 
Error  of  coUimation  or  C  =  ft~^^H^s^np  __  ^,^^^^ 

The  third  method  Yras  originally  introduced  hy  Professor  Struve,  at  the  Pulkoya 
Observatory.  It  consists  in  mounting  firmly  two  telescopes  in  the  direction  of  the 
meridian,  the  wires  of  which  can  be  adjusted  on  each  other.  It  is  evident  that  by 
comparing  the  principal  instrument  (transit  or  meridian  circle)  with  each  successively, 
the  true  line  of  coUimation  may  be  obtained  without  reversal. 

Foi;  the  purpose  of  determining  the  line  of  coUimation  of  the  Greenwich  transit 
circle  (as  the  instrument  is  not  capable  of  reversion),  two  coUimating  telescopes,  tho 
axes  of  which  are  as  nearly  as  possible  in  the  same  line  with  the  principal  instrument, 
are  firmly  mounted  on  brick  piers  a  few  feet  north  and  south  of  it.  These  coUimating 
telescopes  are  furnished  with  proper  wires,  which  can  be  accurately  adjusted  to  coin- 
cidence, and  wiU  therefore  represent  (when  viewed  with  the  telescope  of  tho  transit 
circle)  two  objects  at  an  infinite  distance,  and  exactly  opposed  to  each  other.  When  a 
series  of  bisections  is  taken  of  each  collimator  in  terms  of  the  micrometer  of  the 
transit  circle  telescope,  the  mean  of  these  wiU  give  the  geometrical  line  of  coUimation^ 
The  annexed  form  wiU  show  the  work : — 
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three  wires  of  Polaris,  or  X  Urae  Minoria,  be  okaerred  in  one  poaxtiam  of  1^  axis,  ashi  « 
the  remainder  of  the  transit  in  a  lereiaed  poaition,  and  if  eadi  «et  of  wix«s  be  sc^a«  ; 
xately  reduced  to  the  central  wire,  balf  tbe  diffiefenoe  of  the  two  xeanlts  wiU  be  tike  i 
error  of  collimation  for  the  object  obserred,  which  can  be  lednoed  to  Ibe  CR«r  of  coM^t^  I 
mation  (in  arc)  for  an  equatorial  star  (dividing  by  tbe  proper  &ctor).  It  is  neeessair,  \ 
however,  in  the  use  of  this  method,  that  tbe  levosal  be  very  carefully  Bitde,  and  ikat  | 
the  mean  of  several  results  of  separate  stars  be  taken. 

The   foUowing   example  of  this   method   is    extracted   £nom   tbe  Geoi^^wn 
Observations : — 

Transit  of  X  Urse  Hinoris  on  August  7,  1845. 
End  C  of  the  axis  to  the  east 
K    m.    s. 
At  3rd  wire     .        .     20      4     24 
Moveable  wire —  x    ,        .    20    11      S 

4th  wire    .        .    20    17    48     Here  the  instrument  was  leverscd. 

X    .        .    20    24     31 
3rd  wire    .        .     20     31     10 

m.    s. 
Interval  from  3rd  to  4th  wire        .        .     13    24  ==  < 
.,  4th  to  3rd  wire        .        .     13    22  =  <  o 

Difference 


Interval  from  x  to  4th  wire 
,,  4th  wire  to  x 
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BOTJLL  OB8B&TATORY,  GRXENWICH. 

Beadings  of  the  Transit  Micrometer  at  coincidence  of  central  wire  with  tlie  wires  of 
the  Collimators,  for  determining  the  position  of  the  line  of  Collimation  of  the  Tzanait 
Circle,  in  the  year  1851.: 

Approx-  Solar  Time. 

A 
Oct.  11,      7 

A 
12,    23 

A 
13,       8 

h 
13,    22 

Observer. 

H. 

R. 

K- 

H.B. 

Collimator  observed. 

South. 

North.jSouth. 

North. 

South. 

North. 

South 

North. 

Readings 

of 

Transit 

Micrometer. 

Sum  of  Readings. 

Mean. 
Mean  of  South  Readings. 

Sum. 

Conoluded   Reading  for  ) 
line  of  CoUimation.        i 

28  358 
349 
347 
346 
345 
340 

r        \r 
34-572  28-296 
686 ;      294 
678       293 

680  290 

681  300 
682 1      294 

r 
34  602 
600 
695 
692 
690 
698 

28-312 
310 
307 
314 
316 
310 

34-680 
696 
690 
692 
685 
600 

^302 
318 
306 
301 
303 
307 

34-663 
587 
694 
656 
575 
584 

46 

479 1      667 

677 

68 

643 1        37 

459 

28-348 

34-580 
28-348 

28-295 

34596  28 311 

28-295  ! 

34  691 
28311 

28-306 

34-677 
28  306 

62-883 

62-928 

62-891 

62-902 

3lW 

31-446 

1 
31-451      1        31-442 

Approx.  Solar  Time. 

h 
Oct.  14,      8 

h 
14,     22 

A 
15,      6 

h 
15,    22 

Observer. 

H.B. 

J.  H. 

E. 

Collimator  observed. 

South. 

North. 

South. 

North. 

South. 

North. 

South. 

North. 

Readings 
of 

Transit              i 
'  Micrometer. 

Sum  of  Readings. 

Mean. 
Mean  of  South  Readings. 

Sum. 

Concluded  Reading  for    j 
line  of  Collimation.       ( 

28  327 
291 
330 
312 
337 
331 

34-682 
614 
600 
693 
612 
604 

r 
28-366 
345 
330 
337 
348 
342 

34-692 
600 
678 
698 
685 
602 

28-332 
323 
329 
340 
350 
342 

r 
34-626 
626 
618 
692 
590 
606 

28-284 
278 
290 
284 
286 
280 

34-692 
683 
695 
695 
686 
686 

128 

05 

267 

666 

216 

67 

601 

536 

28  321 

34  601 
28-321 

28  343 

34  693 
28  343 

28336 

34  610 
28  336 

28  284 

34689 
28-284 

62-^3 

62  922 

936 

62  946 

31461 

31468 

31-473 

31-487 

DETEBMIKATION  OF  EBBOIt  OF  HORIZONTALITY. 
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The  error  of  horizontality  of  the  axis  is  generally  determined  by  the  application  of 
a  spirit  level  to  the  pivots.  But  it  must  be  previously  known  whether  the  pivots  are 
perfectly  circular,  and  of  equal  diameter.  For  this  purpose,  careful  series  of  levellings 
are  taken  in  reversed  positions  of  the  axis  of  the  transit  instrument.  If  we  assume 
the  Y's  to  be  perfectly  horizontal,  but  that  on  application  of  the  level  the  same  pivot 
shows  a  quantity  too  high  in  reversed  positions  of  the  axis,  it  is  evident  that  this  pivot 
18  the  larger  of  the  two ;  and  it  is  equally  evident  that  if  the  Y*s  are  not  perfectiy  hori- 
sontal,  we  can  determine  the  difference  of  the  pivots  from  level  readings  in  reversed 
positions  of  the  axis.  The  following  example,  from  the  Oxford  Observations,  1840, 
page  v.,  will  illustrate  the  whole  process.  The  sign  +  is  used  when  the  west  end  of 
the  axis  is  highest,  —  when  the  east  end  is  highest : — 


TktLv  1840         Position 
Day,  1840.      ^j  Lamp. 


Jan.  16 
17 

20 

March  14 

AprU14 

15 
16 

July  7 


East 
West 
East 
West 
West 
East 
West 
East 
East 
West 
East 
West 
East 
East 
West 


Level        ff     .«r  T^^^  !«.«       Position        Level 

Heading,    ^--w.         Day,  1840.     ofLamp.    Reading. 


+  2  31 

—  6-83 
+  1-90 

—  3-70 

—  3  86 
+  1-05 

—  2-60 
+  301 
+  2-37 

—  2-57 
+  4-60 

—  0  60 
+  4-00 
+  2-60 

—  110 


j+9-14 
I  +  5  60 
1+4  91' 
j+66l! 
\  +  4-94: 

j  +.5io| 

+  4-60, 
1+3-60 


July  10 
11 


Aug.  10 

Nov.  26 
27 
28 
29 


West 
East 
West 
We«t 
East 
East 
West 
West 
West 
East 
West 
East 
West 
East 


—  0  43 
+  311 
-^116 

—  022 
+  4-36 
+  412 

—  0  62 

—  102 

—  109 
+  3-80 

—  6-43 
+  0  33 
-5-83 
+  0-48 


E.— W. 


I 


364 
520 

4-86 

4-89 


|! 


+5-76 
+616 
+631 


"  From  these  it  results,  that  when  the  lamp  is  east  the  west  end  of  the  axis  is  highest, 
and  when  the  lamp  is  west  the  east  end  is  highest ;  thus  they  show  that  the  solid  pivot 
is  larger  than  the  perforated  one. 

"  The  angle  of  the  level's  Y's  is  the  same  as  that  of  the  pivot's  Y's,  both  being  rectan- 
gular, or  very  nearly  so :  therefore  the  difference  of  the  radii  of  the  pivots 

Difference  of  the  Level  Readings  in  Opposite  Positions  of  the  Axis. 
=  4  \/'Y~ 

"  The  column  E  —  W  shows  the  difference  of  the  level  readings,  the  arithmetical 

mean  of  which  =  5"'445  ;  therefore  ^-'——  =  0"-962  is  the  mass  of  the  radius  of  the 

5  -660  

solid  above  that  of  the  perforated  pivot,  and  0"*962  X  l/  2  =  1"*361  is  to  the  correc- 
tion to  be  applied  to  the  level  readings  to  obtain  the  inclination  of  the  pivot  centres. 
This  correction  is  to  be  added  algebraically  to  the  level  readings  when  the  lamp  is  west, 
and  subtracted  when  the  lamp  is  east" 

A  careful  series  of  levellings  at  different  elevations  of  the  object-glass  showed  that 
there  was  no  appreciable  difference  in  the  circularity  of  the  pivots,  as  the  reader  will 
observe  by  reference  to  the  descriptions  of  the  Altazimuth  and  Transit  Circle  in  the 
Greenwich  Observations,  1847  and  1852,  for  the  method  adopted  by  the  Astronomer 
Royal  to  insure  perfect  circularity  of  the  pivots. 

Dr.  Oudemans,  in  his  essay  on  the  Transit  Instrument,  gives  the  following  formulje 
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FORMULJS  FOR  CORRECTION  OF  ERROR. 


for  the  correction  of  the  level  indication  caused  by  unequal  diameters  of  the  pi?ots. 

The  error  of  level  being  determined  after  frequent  reversaU  of  the  transit  instni- 

ment,  this  correction  may  be  easily  deduced. 

Let  2  ^  be  the  angles  between  the  planes  of  the  Y's,  on  which  the  pivots  are  plaeed; 

2/,  the  angles  between  the  feet  of  the  level,  by  which  it  is  placed  on  the  pivots;  «,  the 

difference  of  inclinations  which  are  observed  in  both  positions  of  the  axis ;  r  and  I'y  the 

two  radii  of  the  pivots ;  L,  the  distance  between  the  points,  where  the  two  pivots  rest 

on  the  planes  of  the  Y's.     Kow  g^  /,  u,  and   L  being  known,  the  difference  of  the 

radii  r  and  f'  are  made  known  by  the  following  formulsa  : — 

1       X     •     ,»      sJii  ^  sin 

r  —  r   rriwLsin  r  •— : '■ : — -. 

sin  y  -f-  siny 

He  then  gives  a  determination  of  the  values  before  and  after  reversal,  and  finds  n 

arithmetical  mean  of  the  differences,  or  of  t«  =  4~  ^"'l^*     Since  this  value  of  »  found 

will  depend  on  one  unequal  breadth  of  the  extremities  of  the  axis,  the  correction  of  any 

inclination  can  be  obtained  by  the  level. 


"  "       am  g  -^  am  f 
In  his  transit  circle,  2  /  =  98'  40',  2  y  =  91  25' ;  therefore 

s. 
r  =  +  i   X  0-4854  x  4"-15  =  +  1"-01  =  ±  0-067. 
In  order  to  eliminate  any  errors  in  the  level  itself,  it  is  the  practice  to  reverse  it 
several  times,  or  to  take  a  series  of  readings  in  one  position,  and  then  to  turn  it,  end  for  end, 
and  to  take  a  set  of  readings  in  an^^opposite  position.    The  following  is  an.  example:— 

ROYAL   OBSERVATORY,    GREENWICH. 


1848. 

April 

A.  h. 
14,  21. 

Position  of  Ilium.  End. 

East. 

Eant.  Scale. 

West  Scale. 

Cross  Level. 

E 
W 
E 

E 

div. 
115-2 
107-0 
115-3 
1070 
115-4 
106-6 

div. 
110-3 
1190 
110-4 
119-0 
110-5 
119-0 

Sums 

Subtract  Sum  of  East  Scale 

6C6-5 

688-2 
666-5 

12)21-7 

Add  for  inequality  of  Pivots 

1-81 

West  End  high  in  Scale )  . 

Divisions                .       .)  ; 

Multiply  by  l"-2       .       .     , 

West  End  high  in  seconds 

1 

+  2"-17 

The  value  of  one  division  of  the  level  scale  may  be  determined  by  the  application  of 


VALUE  OF  THIS  LEVEL  SCALE. 
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the  level  to  a  vertical  circlei  moving  it  so  as  to  produce  changes  in  the  circle  reading, 
and  in  the  position  of  the  bubble.  Thus,  in  the  Greenwich  Observations,  1836,  introduc* 
lion,  pages  xvL  and  xvii.^  '^  on  January  27,  the  level  of  the  transit  instrument  was  lashed 
to  Troughton's  circle,  and  the  circle  being  moved  till  the  bubble  was  alternately  near 
the  end  of  one  and  the  other  scale,  the  microscopes  A  and  B  were  read.  This  operation 
-was  repeated  sixteen  times.  The  mean  of  the  results  gave  2'  0"*03  =  112*18  parts  at 
one  end,  =  108-93  parts  at  the  other  end  of  the  scale ;  the  mean  value  of  one  part 
being,  therefore,  l^-OSC." 

It  can  also  be  determined  by  the  comparison  of  the  results  of  the  transit  of  a  star 
observed  by  reflection  and  direct  vision.  A  slowly  moving  star  is  generally  selected  for 
this  purpose,  four  or  more  wires  being  observed  in  each  position.  The  difference  of  the 
two  results  (separately  reduced)  is  equal  to  double  the  level  error  of  the  object  observed, 
which  can  be  converted  into  ^'  error  of  inclination"  for  an  equatorial  star  by  the  proper 
factor.  By  comparing  this  result  with  the  level  indication,  the  value  of  one  division 
of  the  scale  may  be  found. 

Lastly,  it  can  be  obtained  by  elevating  or  depressing  the  Y's,  by  the  proper  screw, 
and  finding  the  effect  of  a  change  of  level  indicative  of  the  transits  of  a  close  circum- 
polar  star.  The  level  error  may  also  be  obtained  by  a  Bohneberger's  eye-piece,  an 
iustrument  consisting  of  an  ordinary  eye-piece,  perforated  at  the  side,  and  so  arranged 
that,  by  means  of  a  glass  reflector,  placed  near  the  eye  lens,  inside  the  tube,  the  light 
of  a  lamp  may  be  thrown  into  the  instrument.  In  this  manner  the  system  of  vertical 
and  horizontal  wires  may  be  seen  by  directing  the  telescope  nearly  to  its  nadir  position, 
and  placing  underneath  the  object-glass  a  trough  of  mercury.  By  causing  the  two 
images  to  overlap,  by  means  of  the  right  ascension  micrometer  (noting  its  readings), 
and  comparing  these  with  the  corresponding  readings  for  the  line  of  coUimation  of  the 
instrument  previously  obtained,  the  level  error  may  be  easily  deduced.  This  method 
'  is  now  practised  in  the  use  of  the  Greenwich  transit  circle.  The  following  form  shows 
the  readings  of  the  transit  micrometer  for  coincidence  of  the  central  wire  for  determina- 
tion of  error  of  level  of  the  axis  of  the  transit  circle  in  1851 : — 


Approx.  Solar  Time 

Oct.  11,7 

h 
12,  22 

h 
13,  8 

h  1          h 
13,  22  i    14,  8 

h 
14,  22 

Observer                1       H. 

R. 

R. 

H.  B.    ' 

J.  H. 

Readings 

of                   J 
Transit 
Micrometer 

31-634 
-635 
•640 
•643 
•635 
•660 

31660 
•642 
•660 
•640 
•639 
•650 

31-650 
-658 
•660 
•660 
•643 
•648 

3*1-626 
•660 
•626 
•669 
•655 
•667 

31-620 
•676 
•642 
•662 
•621 
•661 

31-589 
•680 
•683 

•578 
•682 
•580 

Sum  of  Readings 

237. 

•271 

•309 

•301 

•281 

•492 

Mean 

Subtract  from  Reading  ) 

for  Line  of  CoUimation     ) 

31-639 
31449 

31645 
31-456 

31652 
31-466 

31-660 
31-465 

31-647 
31^456 

31-682 
31^456 

Remainder 

0190 

0-190 

0197 

0^195 

0192 

0127 

Reduction  for  Value     ) 
in  Arc                 ) 



.... 

.... 

Error  of  Level 

281 

281 

291 

i     !1-^^ 

\    7.-^ 

\    V^ 

PRACTICAL   AST/tONOMY.—  No.    V/l. 
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ERROR  OF  COLLIMATION. 


The  azimuthal  error  may  be  determined  by  the  transits  above  and  below  the  pole  of 
any  dose  circtmipolar  star.  In  obsenratories,  where  the  adjustments  of  an  instromaiit 
are  sufficiently  steady  to  be  relied  on,  the  suocessiye  passages  of  Polaris  or  9  Una 
Minorls  for  several  days  are  used  for  this  purpose.  But  in  small  instruments,  iih(m 
foundations  are  not  so  firm,  it  is  usual  to  obtain  an  azimuth  error  by  corresponding  ob- 
serrations  of  high  and  low  stars,  or  an  observation  of  Polaris  or  8  Ursse  Minoris,  compared 
with  the  transit  of  a  star  south  of  the  zenith.  Thus  Polaris  and  $  Ceti  can  be  used  ad- 
yantageously  for  this  purpose,  the  difference  of  their  right  ascensions  being  only  thirteen 
minutes,  and  their  tabular  right  ascensions  being  known  with  sufficient  precision. 

Mr.  Johnson,  in  his  Oxford  Obseryations,  uses  certain  pairs  of  stars  for  azimuthal 
errors,  whose  positions  have  been  determined  with  considerable  accuracy.  These  stan 
are  distributed  in  such  a  manner,  that  the  observer  can  have  little  trouble  in  finding 
one  transiting  above  the  pole,  and  another  passing  below  the  pole  within  a  short  interyal 
of  time  of  each  other.  Thus,  the  result  is  entirely  free  from  any  doubt  as  to  the  rate  of 
the  clock,  or  other  causes,  and  the  principal  error  can  only  arise  from  the  imavoidable 
uncertainty  of  observation. 

It  is  frequently  necessary,  in  the  use  of  a  small  transit  instrument,  to  have  a  fixed 
mark  in  the  direction  of  the  meridian,  which  can  be  easily  referred  to  for  the  purpose  of 
determining  the  error  of  collimation,  and  also  its  deviation  from  the  meridian,  in  cases 
when,  from  cloudy  weather,  observations  of  circumpolar  stars  cannot  be  obtained. 

At  the  distance  of  286  feet,  a  circle  of  two-tenths  of  an  inch  in  diameter  wiD 
subtend  an  angle  of  12"  of  azimuth.  By  noting  the  positions  of  the  central  wire  <rf 
the  transit  in  reversed  positions  of  the  axis,  an  approximation  may  be  made  at  once  to 
the  error  of  collimation  from  its  relative  positions  in  this  circle.  This  meridian  muk 
may  be  frequently  verified  by  observations  of  circumpolar  stars. 

If  the  instrument  is  furnished  with  a  micrometer,  this  method  of  determining  the 
collimation  will  not  be  necessary. 

"We  will  now  proceed  with  the  investigation  of  the  formula  for  the  three  preceding 
errors,  and  will  shew  the  method  of  application  to  the  results  of  observations. 

XSrzox  of  Collimation. — The  error  of  collimation  is  the  distance  of  the  middle 
line  from  the  true  line  of  collimation,  east  or  west.    When  the  middle  wire  is  east  of 
the  true  line  of  collimation,  the  transit  is  observed  too  soon,  and  consequently  the  cor- 
rection for  collimation  is  ad- 
ditive for   stars    above   the  ^ N 

pole,  and  subtractive  for 
those  below  the  pole.  The 
contrary  takes  place  when 
the  middle  wire  is  west  of 
the  line  of  collimation. 
According  to  this,  the  transit 
telescope  may  be  supposed 
to  describe  a  circle  parallel 
to  the  meridian.  Thus,  let 
C  S  A  (Fig.  191)  be  the  circle 
described  by  the  telescope,  or 
the  circle  in  whose  plane  the 
middle  wire  is.  Then  AN,  or  S  N,  is  the  error  of  collimation,  which  is  generally 
expressed  in  seconds  of  arc.    Let  ^  "be  the  place  of  a  star,  P  «  B  a  great  drole  passing 


Fig.  191. 
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through  it.    We  haye  now  to  find  B  £,  the  corresponding  part  of  the  equator ;  but 

.  *^  o  =  B  E  in  arc,  or  , .  f^T>  a  =  B  E  in  time,  which  is  the  correction  to  be 
am  i:  o  .    lo  sin  Jr  o 

applied  to  the  observed  transit.    In  that  inyestigation,  stars,  however,  near  the  pole 

are  supposed  to  transit  the  middle  wire,  that  is,  their  distance  from  the  pole  is  supposed 

to  be  greater  than  the  error  of  coUimation.    If  this  were  not  the  case,  such  stars  could 

|K>t  pass  the  middle  wire. 

The  correction  for  the  error  of  coUimation  is  written  thus, 

Correction  =  error  X  ,  g  ^^    • — i vr  p  t^* 

15  X  am  stars  N  P  D 

Conrection    foz  Level. — The 

error  of  level  is  considered  positive 
when  the  western  pivot  is  too  high. 
In  that  position  the  great  circle, 
passing  through  the  north  and  south 
points  of  the  horizon,  and  which  is 
the  circle  on  which  observations  are 
made,  lies  to  the  east  of  the  meridian, 
and  the  observed  time  of  passage  is 
less  than  the  true  time  for  stars  above 
the  pole. 


Figi  192. 


Thus  (Fig.  186),  0  Z  =  the  error  of  level. 
Z  0  X  cos  S  0  =  S  ;r,  and 

BE  =  .       ^"         -       «- 


.  B  E'  = 


16  sin  N  P  D  ~"  15  sin  P  S* 
Z  0  X  cos  zenith  distance  south 
16  sin  N  P  D 

Azimuthal  Enrox.-— This  error  is  considered  positive  when  the  eastern  pivot  is 
too  far  north.    In  this  position 

z 

E 


Stan  to  ihe  south  of  the  zenith 
are  observed  before  they  come  to 
the  true  meridian,  and  those 
north  of  the  zenith  after  they 
pass  the  true  meridian. 

Let  N  «  or  S  »  (Fig.  193) 
be  the  azimuthal  error,  0  the 
observed  place  of  the  star,  the 
S»X  sin  Zo=:  ojp,  draw  the 
great  circle  FOE  from  the 
pole  to  the  equator,  passing 
through    the    star    0,  then  E 

Q     is    the     correction    in    R  Fig.  193. 

A  in  arc,  which,  beiag  di- 
vided  by    16,  will   give  the  correction  in  time;  but  "E  Q,  z=:  0  p  X 

^^,_.^_  .   Tj,  n.  fl    ^     sin  Z 0  .      , ,    ,  ^^  sin  Z  D  souti 

iiiflrefore,  E  Q«  =  S  «  X  --  .    ^    =  azimuthal  error  X  - .   .    -^^  r»  f\' 

^  16smPo  16smNPD  V 

sign  of  the  oorreotion  to  the  north  of  the  zenith  is  contrary  to\))CL«^•^J^^<&^sjcsQi^^M  \ 


sin  P  0; 
Since  the 
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zenith  distances  touth  have  the  sign  plus,  and  those  to  the  north  the  sign  minua,  the 
above  expression  will  give  the  correction  in  either  case. 

The  preceding  corrections  for  errors  of  level,  azimuth,  and  coUimation  being  all 
supposed  positive,  may  be  represented  by 

/cos  Z  D        fl  sin  Z  D  e 

sin  N  P  D  +  sinNPD  +  sin  N  P  D 
where  /  represents  the  error  of  level,  a  that  of  azimuth,  and  e  the  error  of  collimation. 
By  introducing  the  latitude  L,  the  expression  for  the  sum  of  these  corrections  may  be 
written  thus  (5  being  the  declinationj, 

or=  • 

/  (cos  L  COS  g "+  sin  L  sin  8) 
cos  5 


I  cos  (L  —  g)  +  g  sin  (L  +  g)  -f  c 
cos  8 


4-  a  (sin  L  cos  5  +  cos  L  sin  8) 


cos  8 

=  I  cos  L  +  <  sin  L  tan  8  -^  a  sin  L  —  a  cos  L  tan  8  +  c  sec  8. 
=  (/  cos  L  -}-  fl  sin  L)  +  ( —  acosL  -^  a  cos  L)  tan  8  +  c  sec  8. 

=  m  +  n  sin  8  H-  c  sec  8,  which  is  the  form  of  these  corrections  Bessel  gives  in  the 
"  Tabulffi  Regiomontansd." 

To  Find  the  Azimuthal  Errors  by  Transits  of  a  Circumpolar  Star, 

Let  T  =:  the  time  of  superior  transit,  supposed  too  late ,  t  =  the  time  of  an  inferior 
transit,  which  will  be  too  early ;  then,  since  the  difference  between  these  transits 
corrected  for  motion  in  B.  A.  should  be  12h.,  all  the  other  corrections  being  made,  ve 
shall  have — 

gsinZD     _.^„   .  a  sin  Z  D' 

16  sin  N  P  D  ""         "^    "^  16  sin  N  P  D 
Let  T  —  <  =  12h.  +  b,  then— 

.  _  a  (sin  Z  D  4-  sin  Z  B')  _  a  (sin  (eclat  -  N  P  D)  +  sin  (colat  -I-  NTD) ) 
16  sinNPD         ""  15  sinNPD 

2  a  sin  colat  cosN  P  D  15  5  X  tan  N  P  D 


or  J  = 


16  sin  N  P  D  * '  2  sin  colaCitude 


At  the  end  of  this  section,  we  have  given  numerical  examples  of  the  determinatioD 
of  azimuthal  errors. 

The  preceding  factors  for  collimation,  level,  and  azimuth,  viz. — 

Error  of  collimation  X  r-^—. — xTrTf^ 

16  sm  stars  N  P  D 

^  ^ ,      ,       cos  Z  D  south 

Error  of  level  X  -z-?—- — vT^-n 

16  sm  N  P  D 

^  «      .      .1         sin  Z  D  south 

Error  of  azimuth  X    .,  -   . — ^.t  -rt  t\        •   ' 
16  am  N  P  D 

are  tabulated  for  different  north  polar  distances  at  the  principal  observatories,  the 
multiplication  being  easily  made  by  means  of  a  sliding  ruler.  Several  other  contriv- 
ances have  been  invented  for  forming  these  corrections  by  mechanical  methods,  by  the 
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Astronomer  Eoyal,  Professor  Ghallis,  and  Mr.  Garrington,  for  which  we  beg  to  refer 

to  the  memoirs  of  the  Royal  Astronomical  Society. 

Having  thus  explained  the  formulee  and  methods  of  determining  the  three  preceding 

errors,  we  shall  now  proceed  with  the  investigation  for  a  determination  of  the 

equatorial  intervals  of  the  wires,  which  are  immediately  necessary  for  the  reduction  of 

imperfect  transits. 

When  a  heavenly  body  is  observed  with  a  transit  instrument  at  a  distance  from  the 

meridian,  if  this  distance  be  known,  and 
also  the  distance  of  the  object  from  the 
equator,  the  time  to  be  added  to  or  subtracted 
from  the  sidereal  time  of  observation  can 
be  computed  thus  : — ^LetPbe  the  pole,  Q  E 
a  portion  of  the  equator,  0  the  object  at  the 
distance  0  S  measured  on  a  great  circle.  (It 
may  be  well  to  remark  that  to  whatever  part 
Fig.  194.  ^^    ^^^    heavens    a    transit    instrument   is 

pointed,  the  distance  from  any  wire  to  the 

middle  wire  is  an  arc  of  a  great  circle ;  it  is  the  same  as  if  the  equator  had  bee& 

moved  into  that  position).    Now  in  the  triangle  we  have  0  S  and  0  P  given  to  find 

S  P  0,  which  expresses  the  time ;   therefore  sin  S  P  0  =:  -: — (vP*)  or  if  A  =s  the 

distance  9  ^  the  declination,  e  ^  angle  S  P  0  sin  0  =:  sin  A  sec  9 

Now  it  frequently  happens,  especially  in  cloudy  weather,  that  an  object  has  not 
been,  or  cannot  be,  observed  at  all  the  wires  of  the  transit  instrument ;  but  if  the 
intervals  of  the  wires  be  known — that  is,  the  times  employed  by  an  equatorial  star  in 
passing  from  the  first  to  the  second,  from  the  second  to  the  third,  &c. — the  true  time  at 
which  an  object,  which  has  been  observed  on  any  wire  or  wires,  would  transit  the 
meridian,  can  be  found.  The  manner  in  which  the  equatorial  intervals  are  given  is 
the  distance  of  the  first  wire  from  the  mean  of  wires,  which  is  called  the  first  interval ; 
the  distances  of  the  second  and  third  from  the  same  point  are  the  second  and  third 
intervals — ^that  is,  the  distance  of  the  mean  of  all  the  wires  from  each  wire  is  the 
interval :  the  intervals  before  the  meridian  point  having  the  sign  plus,  and  those  after 
it  the  sign  minusy  for  stars  above  the  pole — the  signs  to  be  changed  for  stars  below  the 
pole.  If  the  instrument  be  reversed,  the  signs  arc  to  be  changed.  For  the  determina- 
tion of  these  intervals,  Polaris,  or  some  other  star  near  the  pole  is  observed ;  then  fot 
each  transit  the  difference  between  each  wire  and  the  mean  of  all  the  wires  is  taken, 
and  the  mean  of  all  these  differences  for  the  same  wire  for  all  the  observations ;  then, 
if  we  call  this  mean  for  any  wire  =  e,  we  have 

sin  A  =  sin  0  cos  9  =  sin  0  sin  stars  N  P  D 

.,       -       ,       sin  <j  X  sin  stars  N  P  D 

therefore  A  = ,^    . — — 

16  sm  1" 

This  gives  the  equatorial  distance  in  seconds  of  time  from  the  wire  under  consideration 
to  the  mean  of  all  the  wires. 

Now  let  +  a,  +  d,  +  c,  -f  rf,  —«,—/,—  ^,  be  the  equatorial  intervals  for  a  tele- 
scope having  seven  wires,  and  suppose  the  times  of  transit  of  a  star  to  have  been  observed 
on  two  of  these  wires ;  if  the  mean  of  these  two  observed  times  of  transit  be  taken, 
it  will  be  the  time  at  which  a  star  passed  a'point  equally  distant  from  both  wires. 
"We  shall  suppose  the  two  wires  to  be  the  first  and  second ;  to  find  the  distance  of  this 
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point  fi^om  the  meia^  of  ^m^i,  or  from  wljat  we  u^iifiidcr  to  he  the  meridinn  points    Tht 
difltanee  between  tlie  first  an  d  second  wires  is  <»  —  h ;  tence  the  distance  of  the  fiitt 

wire  from  the  te^uired  point  is  —5—*  the  distance  of  the  first  wire  from  ike  meridkn 


point  is  Oj  therefore  ^  - 


,_A       +ff+5. 


^  is  the  diatanoe  of  tlte  point,  for  wMcb  we 

^  2  2 

hiTe  the  time  of  trtnait  to  the  mcridiaa  pobt.  This  shows  tliat  we  hare  only  to  take 
the  flum  of  the  equatorial  Lntervalfl  for  tbe  wires  obuervBd  ■  this  sum,  divided  hj  the 
number  of  wiresj  will  be  the  difltanc<i  of  tbo  point  for  which  we  have  the  time 
of  transit  feom  the  meridioDal  point.  Xhia  distance  bolng  called  h^  and  ^  representing 
the  coireeiion  required,  we  har^^ 

(1)  sin  e  ^^  aln  h  sec  5j  or 

(2)  ifl^  ^  h*  sec  S. 
For  the  pole  star  and  othera  near  it  (1)  m\uat  be  used. 

Betormination  of  Intervals  of  the  Gmenwieh  TrsTisit  InEtrumentJby  the  following 

Trftnaita  of  Polaris  i — 
Distance  of  eoeh  Wir^  from  the  Mean  of  the  7th  Wires  (Polaris),  1 848,  May  2  S.  P, 

to  May  12  S.  R 


1548. 


Vay  3  3,  F. 
& 

f 

fiS,  P. 

7 
s 

9S,  p. 
i 
M»y  U  &  F, 


32' 00 

3'!^  141 
32 -67 
33'29| 
30- 141 
3^  14 

SI '67 
M*57 
—44  3»'O0 


—24  2*3^0  —IS  ao-8« 


21 '(M> 

33-14 

30-0 

21'20 

1»'14 

21-64 

f2'5T 

3D  Be 

23£H>| 


-S  g-Sfi 

B'OO 

lD-14 

8'57 

11*3» 

10*14 

M4 

9£7 

H-57 

10-IN} 


—  0 

Is. 

—  1 

+ 

To;. 


-{-  g  lO'U  4-10  1714 


m.  i., 


iD^ae 

11^43 
9*11 
9-98 

fi-ae 

€-43 
12'H 
S-43 

a-sa 

8  DO 


17*50 
1843 

ao-n 

17-30 
Ifi-30 
13-43 
10-14 
19*43 
lA-43 
16  l&'OO 


1139 

+'24'  34*14]  iO-3 
34'301  SO-O 
34-81  40-S 
32*43  49*: 
a3-71  ^b 
33  *M;  49-4 

35-43  4S*« 
3M4  4ft-7 
94-^!  4»*« 
32*4Si  48-5 
35'im  43^ 


um 


Mcani 


I 
-34  1M>6  — 16  2l*(N|j  ^  J»  9*64 


4-  0-«7      +S  9'36 


rf  te  IS -23 


-h24  34-1149-ia 


•I 


Or  In  Am 


6  7  43-9 


4  5  IS '00 


a  a  24-00  ^  +  i-fls    4-a  sr  30-40  +4  4 33  45 


+«S3I-fi5 


Log  Sini;s 
Conitimt, 


EI-fl2S4(37a   fi  h.'V3lH».lL>   S-5511513   4 -6855740,  85511029,8-851740 
2-5571186,  2^571180  9  55711§d  2-55711Se'  2-55711S6' 25571186 


2  557nSG| 


tja^^  Equate  XntemLl 


1*5855864   l-4i0111Ji 


MO85099,  7  2426933   1*1083218 


EqiiiitarUllaterTBl 


In  Are 


-|-3S-5n.    35'Tn 


9    37"fi7  I    6  23*67 


13.940 


SI  2*60 


0-003 


+  0-03 


1-4038393 


1  5864835 


U-fiiS 


S5'63e 


fl  21-M 


9  33-37 


Log  coa  8S  29  49-22  ....  8-4187848 
At.  CO.  log  sin  V*  .  .  ,  ,  .  5  3144251 
Ar,  CO,  log  15 8-8239087 


Snm  =^  oonBtent 


.     2-55711SS 
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Computation  of  Intervals  from  Middle  Wire  for  Polaris  for  Declinations  88°  29', 
88°  30\  and  88'  31'. 


A 

B 

C 

D 

£ 

F 

G 

Logsinequa.  ) 

torialinterv.  f 

Ar.oo.log  cos  ) 

88°  2y           J 

7-4472539 
1-5772832 

7-2717901 
1-677^832 

6-9702297 
1-5772882 

6-9700041 
1-5772832 

7-2705157 
1-6772832 

7-4481663 
1-5772832 

Log  sin  interral 

9-0245371 

8-8690733 

8-6475129 

8-6472873 

8-8477989 

9-0254386 

Interral 

0    '     't 

6  4  26-38 

0    »    ft 

4  8  3-45 

2  1  18-27 

0     »     »f 

2  1  14-60 

o  »    n 

4  2  20-66 

6  6  11-94 

In.  time 

m.    8. 
24  17-76 

m.    8. 
16  12-28 

m.    8. 
8  5-22 

0-07 

m.  8. 
8  4-97 

m.    8, 
16  9-37 

m.    8. 
24  20-80 

Logsinequa-   ) 
tonal  interral  ( 
At.  CO.  log  008  1 

88"  sy            i 

7-4472639 
1-5820810 

7-2717901 
1-5820810 

6-9702297 
1-*582081C 

6-9700041 
1-5820810 

7-2706157 
1-6820810 

7-4481653 
1-5820810 

Log  sin  interval 

9-0293849 

8-8638711 

8-6623107 

8-6620851 

8-8526967 

9-0802368 

Interral 

6  8  30-17 

O    '    1' 

4  6  46-73 

2  2  89-16 

0    #     »» 

2  2  85-38 

4  5  2-45 

a  1  tr 
6  9  16-29 

In.  time 

m.    8. 
24  34-01 

m.    8. 
16  23-05 

m.    8. 

8  10-61 

8. 

0-08 

m.    8. 

8  10-36 

m,    8, 
16  20-16 

m.    «. 
24  87-09 

Log  sin  eqna-    \ 

torial  interval » 

Ar.co.log  cos  ) 

88°  31'            J 

7-4472689 
1-6869824 

7-2717901 
1*6869824 

6-9702297 
1-6869824 

6-9700041 
1-5869824 

7-2706157 
1-5869824 

7-4481658 
1-5869824 

Log  sin  interval 

9-0341863 

8-8687225 

8-5571621 

8-5569865 

8-8574481 

90360877 

Interval 

6  12  39-52 

4  8  81-66 

0   f     »» 

2  41-86 

2  3  57-99 

o  »    w 

4  7  47-89 

0     t     u 

6  18  26-16 

In.  time 

m.    8. 
24  50-63 

m.    8, 
16  84-11 

m.    8. 

8  16-12 

m,    8. 
8  15-87 

m.    8. 

16  81-19 

m.    8. 

24  68-74 

Comparing  the  interrals  for  88'  29'  and  88*  30'  we  have — 


«.  8.  8, 

+  16-25    +10-82     +5-; 


8,  ».  8, 

-5-39     —10-79    —16-29 


And  dividing  these  by  60,  we  have  the  change  for  one  second  of  arc — 


+  0-271  I +0-180  I  +0090  1 


l—O-OOO  I -.0180  1—0271 


Therefore  for  Polaris,  declination  =  88"  29'  +  »". 


m.  8.           „ 

+  24  17-76  +  wX  0-271 

+  16  12-28+fiX  0-180 

+   8  6-22 +  nx  0090 

—  007 

—  8  4-97— *•  X  0090 

—  16  9-37  — nx  0180 


A  .  . 

B  .  .    . 

C  .  . 

D  .  . 

E  .  . 

P  .  . 

G  .  .     .     .      —24   20-80  — nx  0-271 

The  following  examples  will  illustrate  the  whole  method  of  completing  imper&ot 
transits: — 
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SPECIMEN  PAGE  OF  THE  COMPLBTIOIT  OF  IMPERFECT  TRANSITS. 

D.y. 

1848,  July  20 

July  20. 

July  20. 

July  20. 

July  20. 

Object. 

B.  A.  C.  6509 

a  Herculis. 

6  Draconis. 

a  Opbinchi. 

B.A.C.6125 

N.P.D. 

27*  67' 

76-26' 

37'*  36' 

770  2xy 

111°  2T 

Ist  wire. 

2  « 

3  „ 

4  » 
6       „ 

6  « 

7  „ 

21  39-6 

22  67 
22  34  0 

16   23    1-6 

615 

9-6 

228 

364 

17   7 

600 
10-8 
32  0 
627 

17  26 

32-7 
460 
59  5 
12-6 
17   28  25-6 

11-6 

257 

17  68  39-6 

4)    89  21-8 

4)         65-3 

856 

29    63 

3)  76-9 

Mean  of  wires. 

Correction  to  im- ) 
perfect  transit  *  j 

16  22  20  45 
-  4111 

17  7    1633 
+    1991 

17  26  213817  27   6926 
+    31-69         —1316 

17  68  2563 
-276 

Concluded    tran- 
sit over  mean  of 
the  seven  wires. 

16   21  39  34 

17  7    3624 

17  26  52-97 

17  27  46 10 

17   67  68  39 

*  See  the  following  Form* 
COMPLETION  OP  IMPERFECT  TRANSITS   OP  P0LA.RIS. 


Day. 

1848,  July  21 

July  22. 

Sept.  5. 

Sept.  21. 

1848,  Oct  2. 

Object. 

Polaris. 

Polaris,  S.  P. 

Polaris  S.  P- 

Polaris,  S.  P. 

Polaris,  S.P 

1st  wire. 

1  : 

4  „ 

5  „ 

6  „ 

7  „ 

40  26  0 

48  340 

66  46-6 

4  640 

40 

1  13 

48  400 

56  47-0 

570 

13  4 

66  240 

4  360 

12  40-0 

520 

13  20 

6  190 

13  28  0 

21  40-0 

13   29  60  6 

40  29^ 
48  47-0 
67    00 
6  100 
13  21-0 

13 

6)28  3  44  6 

3)       1440 

4)        1610 

1376 

28  4  470 

Mean  of  observed ) 
wires.               J 

Reduction* 

56  44  90 
+  8  10  09 

12  56  4800 
+  8     8  86 

13  8     37  75 
—  4      6  64 

13  17  3438 
-12    1714 

12  56  57-40 
+  8    11-94 

Concluded  tran-  \ 
sit  over  mean  of  I 
the  seven  wires.    J 

1   4    64-99 

13  4    66-85 

13   4    3211 

13   6    1724 

13  5    934 

•  See  the  following  Form. 
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CALCULATIONS  FOB  COMPLETIXO  TRAK8ITS. 


BOTAL  OBSB&YATO&T,   QBJSEirWlCR. 

Calculations  for  Completing  Imperfect  Transits  in  the  Year  1848. 
For  Stars  and  Planets  in  general. 


Day. 


Object. 

Per   observa- 
tion  on  A  . 

tt        ^  ' 


—  25-636 


Sum  &  mean 


Declination 
andnat.8ec. 


Prodnot    . 


July  21. 


B.A.C.  5509. 


—  0-002 
- 12-833 


—  88-591 


-77  062—19-266 

62°  3'    553-312 

38-532 
1-927 

578 

58 

10 

1 


41-106 


a  Hercules. 


+  38-511 
4-  25-711 
+  12-840 
—   0  002 

77-060 


19-265 

14°  34'        23-301 

1926-5 

578 

58 

4 

19-905 


fi  Draconis. 


19'26[ 


62'  25'     6936-1 

19266 

11659 

678 

178 

12 


81587 


a  Ophinohi. 


+  12*840 

—  0-002 

12-838 
-12-833 

0-005 
-25-636 

—  25-631 
88-691 

-64-222-12-844 


12^40'     7420-1 


12844 

267 

61 

9 


B.A.C.  6125. 


— 12-833 


—  25-636 

—  38-591 


—  77060 


— 26<87 


21»  27'     4470-1 


25687 

1798 

lOS 

10 


31-161  —  27698 


Another  method  of  reducing  imperfect  transits  is  to  form  a  table  of  intervals  from 
the  middle  wire  for  different  north  polar  distances,  by  multiplying  the  equatorial 
intervals  by  the  seccant  of  the  declination  (see  preceding  formulaB).  When  tiie  wires 
observed  of  any  object  have  been  separately  reduced  to  the  middle  wire  by  this  taUe, 
the  mean  of  all  the  results  will  be  the  correct  number.  For  a  planet,  the  change  of 
right  ascension  in  the  interval  may  be  applied  in  the  fennation  of  the  results  for 
each  wire. 

The  following  is  an  example  of  Polaris  by  this  method  :— 

1848,  October  2.    Wires  observed— A,  B,  C,  D,  E; 
DecHnation  of  Polaris  88''  29'  66"-7. 
h.    m.       8.  Beduction  to  Mean  of  Wires. 


A... 


40     29-0  .  .  .  +  24  17-76  >  n.  or.rfi 

+       17-80  J  =  24  36  56 


^       m. 


4-56. 


B.. 

.      48    47-0.. 

.  +  16  12-23  \_ 
--       11-83/ — 

6  11-06 

C. 

67     00 . 

..+    8    5-22) 
+         6-91  J — 

5  11-13 

D.. 

6    10-0. 

..—        0-07     = 

5    9-93 

E.. 

.13  13  210. 

..—   8    4-97) 

6  91J  — 

5)" 

5  10-12 

46-80 

13  5  9-36 

MODE  OF  DETEKMININO  INTERVALS. 
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The  interyals  of  the  transit  wires  may  also  be  determined  by  directing  the  tele- 
scope of  a  theodolite  to  the  object-glass  of  the  transit  instrument.  In  this  manner  the 
wires  may  be  distmctly  seen ;  but  it  is  also  necessary  that  the  axes  of  the  two  instru- 
ments be  exactly  in  the  same  parallel.  Gkiuss  first  introduced  this  method  at  Gottingen. 
The  following  is  an  example.  It  is  to  be  premised  that  the  axis  of  the  theodolite  was 
higher  than  that  of  the  centre  of  the  circle,  and  therefore  that  the  measured  readings 
must  be  diminished  by  multiplying  by  the  cosine  of  the  inclination,  or  23"  58'  52". 

1823,  October  23. 
Horizontal  Distance.  True  Distance. 

Wire    1 11  25050  11  23000  10  2593  10  24-06 

„     II 7  45-900  7  46  275  7    5*69  7    603 

„  III 3  58-225  3  57*750  3  37-66  3  37*23 

„     V. 3  58-850  3  59-375  3  38*24  3  83*71 

„   VI 7  53-625  7  53-875  7  1274  7  1298 

„  Vn 11  17*600  11  17-775  10  19-11  10  19-28 

At  the  Eoyal  Observatory,  Grreenwich,  the  Astronomer  Koyal  has  made  use  of  the 
south  collimator  for  the  determination  of  the  interrals  of  the  wires  of  the  transit 
aide,  "  The  eye-piece  of  the  transit  circle  was  turned  round  90°,  so  as  to  bring  the 
wires  into  a  sensibly  horizontal  position,  and  with  the  head  of  the  micrometer  upwards 
when  the  telescope  was  directed  to  the  south.  Each  of  the  wires  in  succession  was 
then  brought  upon  a  determinate  point  of  the  image  of  one  of  the  nearly  horizontal 
wires  of  the  south  collimator,  partly  by  turning  the  instrument  and  partly  by  the 
right  ascension  micrometer,  and  the  instrument  being  clamped,  the  six  microscopes  of 
^  zenith  distance  circle  were  read  as  well  as  the  right  ascension  micrometer." 

In  this  manner,  the  following  concluded  circle  readings  for  each  wire  were 
obtained:— 


Wire   I. 
„    II. 

,.  ni. 

„   IV. 

„    V- 

»  VI, 

„VIL 

m  of  these 


numbers  is 


59  33-696 
56  6*746 
52  39*290 
49  12*018 
45  44-880 
42  17-242 
38  50-482 
:9'  12"-051,  and,   comparing  this  with  each 


The  1 

number  separately,  we  finally  get  for  the  distance  in  arc  of  each  wire  from  the  mean 
of  all:— 

'       "  8. 

For  Wire    L  -1-  10  21*645     or  +  41*443 


II. + 
IV.— 

v.— 

VI.— 


6  54-659 
3  27*239 
0-033 
3  27-171 
6  54*809 


-f-  27-646 
+ 13*816 

—  0*002 

—  13*811 

—  27*654 


VII.  -10  21-569         —41*438 


Dr.  Brew  has  usefully  applied  r  wire  micrometer,  attached  to  a  five-feei  td«M^v^^  V 
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DR.  Drew's  kethod. 


for  the  determination  of  the  intervals  of  his  transit  circle — an  instrument  of  forty-two 
inches  focal  distance.  The  value  of  one  revolution  of  the  micrometer  being  known, 
he  was  able  to  measure  easily  the  distances  of  the  wires,  by  directing  the  two  object- 
glasses  towards  each  other.  The  result  agreed  closely  with  that  deduced  from  a 
transit  of  5  Ursa  Minoris. 

To  find  the  correction  to  an  imperfect  transit  of  the  moon  or  a  planet : — 
Let  A"  be  the  apparent  distance  from  the  middle  wire. 

,,   ft  =  the  right  ascension  of  the  zenith. 

„   a'  =  the  apparent  right  ascension  of  the  interval, 

„    $'  =  the  apparent  declination. 
Then  we  have— 

Sin  A  =  cos  5'  sin  /i  — a'=  —^  cos  5  sin  (/a  —  o). 

Put  sin  A  ==  A  sin  1",  and  sin  /i  ~  a  =:  ft  ~  a  siu  1". 
Then  we  shall  have — 


A  = 


<f  cos  $ 


(/A  —  a)  .  .  .  /i  —  o  = 


A  X  <r 


(36). 


d'      ^      ^j  .  .  .  r-  rf  cos  5 

This  is  the  expression  for  all  those  bodies  which  do  not  change  their  right  ascenuon. 
The  fixed  stars  are  the  only  ones  which  do  not,  and  their  distances  are  so  immenie 
that  a'  and  d  may  be  regarded  as  equal,  which  is  also  the  case  with  the  planets,  on 
account  of  their  distance.  Let  \*  be  the  moon's  or  planet* s  increase  of  B.  A.  in 
one  second  of  time,  then  (1  —  \)*  is  the  equatorial  space  described  by  the  moon  or 
planet  in  one  second  of  sidereal  time ;  consequently,  the  sidereal  time  of  describisg 
fi  —  o,  will  be  represented  by — 

^      ,    ^' ^    \       ,^    t     K    d' h  /,    ,     X      sinGeo.Z.  D.  h  i«/«<r\ 

This  is  the  formula  given  in  the  Greenwich  Observations  for  the  same  purpose.  In  tie 
case  of  the  planets  d'  is  very  nearly  equal  to  d,  and  the  formula  is — 

(1  +  \)  X X,  where  \  is  the  increase  of  the  planet's  right  ascension  in  one  second 

of  sidereal  time. 

COMPLETION  OP   AN   IMPERFECT  TRAKSIT  OF  THE  MOOIf. 


Day. 

1848,  August  9. 

Object. 

3)  IL. 

lit  wire. 

1    '■ 

*         n 

«        " 
7      " 

Observed  mean 
wires     . 

Reduction     . 

Concladed   tran 
over    mean 
seven  wires 

470 

09 

147 

17  4 

3)      26 

°^|l7-4    0-87 

27-79 

sit) 

ofV17  4  28-66 

1848,  August  9. 


10741 
3831 

6910 


5's  geo.  N.P.D, 
Co.  lat.  of  Greenwich 

>'8geo.Z.D.     , 
Parallax  in  altitude 

>'s  app.  Z.D,    . 


I  =s  131'''62  =  the  increase  (in  seconds  of 
time)  of  the  Moon's  right  ascension  for  s 
transit  over  a  meridian  upon  the  earth,  dis- 
tant by  Ih.  of  terrestia  longitude  (Nautical 
Almanac,  1848.  Section — Moon  Gulminst- 
ing  Stars). 


FOBHULA  OF  THE  BRUSSELS  0B8BRTAT0RT. 
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Log 


3600  +  X 


3fl00 

Log  Bin.  J's  geo.  Z.D. 
Ar.  CO.  log.  iin.  j's  app.  Z.D. 
Log  sec.  ys  geo.  decl. 


1849^  Attgnst  9. 
Wires  Observed. 


For  an 

Equatorial 

Star. 


C   c 


+  38-611  ^ 
26711 

12-850 
3)  77062 


Log  26-687  (see  below*) 


Completion  of  impetfect  tran 
sit,  to  reduce  to  mean 
seven  wires 


a.) 


001659 

997064 
002706 
002102 

003431 
1-40972 
144403 

27-79 


Day, 


+  26-687* 

COMFLBTIOM  OP  AN  IMPERFECT  TRANSIT  OP  A  PLANET. 

Planets,  N.P.D.  =  70^22' 


Object, 


Ist  -wire. 
2       » 
8       ., 
4       „ 
«       ., 

Mean  of  observed ) 
Wires      .       .  j 
action  *    • 


IConclnded  transit 
Object   . 


1848,Apgu8t9. 


Mercnry  2  L. 


272 

402 

642 

81 


86 

4)  189Y 

83      4742 
+  20  63 

84        7-95 

s. 


I  =  variation  in  R.A. in  Ih.  rr  H-  1292 

Wires  observed : — 

A  .  .  .  +  38-611 
B  .  .  .  +  26711 
C  .  .  .  +  12840 
D        ...    —         002 


4) 


+ 
+ 


Log     .        .        . 

Log  CO.  sec.  planets,  N.P.D. 

3600  +  1 


77-060 

19-265 

+ 1-28477 
'     002601 


Log^ 


Mercury  2  L. 


3600 


L.No. 


000155 

181233 
s. 
2063* 


FomLula  for  Determining  CoUimation. — In  the  operations  of  the  Brusaeb 

Observatory,  the  following  formula  for  the  determination  of  the  coUimation,  inde- 
pendently of  the  other  errors  of  the  instrument,  is  used*  The  investigation  is  to  be 
found  in  M.  Lingr6's  memoir,  *^  Sur  lea  Corrections  de  la  Lunette  Meridienne  "-^one 
of  the  prize  essays  of  .the  Brussels  Academy,  vol.  zviii.,  1844->46.  The  stars  best 
suited  for  this  metJiod  are,  one  near  the  pole,  another  near  the  zenith,  and  a  third  of 
south  declination.  The  example  and  formula  are  as  follows :—  ^ 
JSrafii{p20— Greenwich  Observations,  1842,  May  10. 

h.  m.      8.  h.    m.      8.  o      t      h 

/3  CoTvi     .    .    H  =  12  26  39-63    RA  =  12  26    8-86    p  =  112  31  39  ^ 
YUrsffiMajori8H''  =  ll  46    3-88    £A°  =  11  46  33-11    p'*z=z   65  22  39  \ 
Polaxis  S.P.  .    H'  =  13    1  30-42    BA'  =:  13    2    6-52    ^  =     1  31  69  ^ 
Cdleulation  of  the  CoUimation, 
sin  p°  cos  i  (p  —p')         ,   jy         sin  p'  cos  j  (p  —  j?°) 
C  =  D'2  sin  A  (p-p°)  sin  i  (p^-^)  "^      2  sin  ^  (P''P')v^\<^-'f\ 


Observer 
Henr;. 


A 
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CAMBRIDOB  METHOD  OP  DBTBSlONIlfO  CLOCK  XRKOR8. 


D'  =  15  [(H  +  RA'*)  —  (H»  +  RA)]  =— 1''-50. 
D'  =  16  [(H  +  RA')  —  (H'+  RA)] =+ 101"-40. 


Hp—P")  =  67'  r49"  :  J  (p-p')  =  38'  Sy  (T  :  J  (p'»-^jp')  =  18' 

Log  IT      .  .   —017609 

Log  am  i^*                  .  9*76317 

Log  001 }  (p—^')      #  9-73516 

At.  CO.  log  2       .  9-69897 

At.  CO.  log  sin  J  {p  —p"*)  .        0-20637 

At.  CO.  log  sin  |  [p"  —p)  0*49897 


—  007773 
Isl  Number  =   — 1-"20 


LogD'       . 

Log  sin  /^ 

Log  cos  J  (p —!»'') 

Ar.  CO.  log  2 

At.  CO.  log  sin  J  (p  — p') 

Ar.  CO.  log  taD.i(p' — pP) 


28'  49" 

2OO604 
-8*42738 
9*89324 
9*69897 
0-07626 

—  0- 


2iid  Number 


+  0^0086 

+       3-99 
—       1-20 


C  =         +       2-79 

A  similar  calculation  made  on  May  13,  1842,  using  fi  Corvi,  y  Ursae  Majoris,  and 
Polaris,  gave  C  =:  -f  2" -67.    This  agrees  very  satisfactorily  with  the  preceding  result 

The  error  determined  (by  reversal  of  the  instrument  in  the  usual  way  practised  at 
Greenwich)  was  found  to  be,  on  April  6,  ^  -f-  1"*61,  which  is  a  very  good  agreement 

The  Astronomer  Royal,  in  the  Cambridge  Observations,  1828,  proposed  a  method 
nearly  similar  for  determining  the  clock  errors,  and  the  errors  of  co]limati(m  and 
azimuth,  but  was  obliged  to  discontinue  it  on  account  of  the  imperfect  places  of  the 
star  catalogues,  and  the  difficulty  of  making  observations  sufficiently  accurate.    The 
following  is  the  investigation: — <^Let  Xj  y,  2,  be  the  clock  error  and  the  errors  of 
collimation  and  deviation  (the  clock  being  supposed  slow).    O,  0',  0",  the  observed 
times  of  transit  corrected  for  the  error  of  level  and  the  dock  rate ;  T,  T',  T'',  the  tme 
sidereal  times  at  which  they  pass  the  meridian ;  Y,  Y',  Y*',  the  respective  multiplienof 
the  error  of  collimation,  which  give  results  additive  to  the  observed  transits ;  Z,  Z',  Z", 
the  same  for  the  error  of  meridian.    Then  the  following  equations  subsist : — 
0   -hx  +  Yy   -fZaz=:T 
0'  +x+Ty  +Z't=T 
0"  +  a:  +  Y"y  +  Z"«  =  T" 
And  subtracting  the  2nd  from  the  1st,  and  the  3rd  from  the  2nd — 

(Y-  Y')  y  +  (Z  —  Z')  f  =  (T  —  0)  — {r  —  0') 
(Y'— Y")  y+(Z'  — Z")«=:(T'— O')— (T"— 0") 

**  The  eatalogued  R.  A.  and  the  observation  of  the  transit  must  be  extremely 
accurate,  in  order  that  any  result  worthy  of  confidence  may  be  obtained  from  then 
equations.  The  most  favourable  stars  are  Polaris,  a  star  below  the  pole,  and  a  star 
above  the  pole,  whose  N.  P.  D.  is  considerable." 

Method  of  Finding  the  Tinie.— The  method  of  finding  the  time  given  in  the 
following  pages  is  capable  of  so  many  useful  applications  to  travelling  astronomeft, 
that,  in  a  treatise  on  this  subject,  it  would  be  unwise  to  neglect  it 

Professor  Hansteen,  in  "  Schumachei^s  Astronomisehe  Kachrichten,"  yoL  yi^  p.  189| 
gives  a  simple  and  expeditious  means  of  determining  the  time  by  a  wrni^!]  transit 
instrument,  which  requires  only  the  observed  transit  of  Polaris  in  a  certain  paralH 
and  the  transit  of  a  known  fundamental  star  in  the  aame  yerticaL  The  formuls  of 
reduction  are  aa  follow :— 


TRAMSIXS  OF  BTABS  IK  &£ICH£NBACH'8  IN8XEUMENT. 
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A  = 


tan  <f>  —  tan  S 
Ian  5  —  tan  8'  cos  P 
B  =:  A^    tan  4)  4-  2  tan  S' 

tan  9  —  tan  8'  cos  P 
P=        15(o-a'4-T) 
O—      -^  sin  P       B  sin  P» 
^  ~-      sin  15"  +    sin  90 
In  which.  5  and  a  are  respectively  the  declination  and  right  ascension  of  the  pole  star 
S'  and  a',  are  the  same  co-ordinates  of  another  fundamental  star ;  ^  is  the  latitude  of 
the  place,  and  T  is  the  sidereal  interval  of  the  observations. 

JExampU. — At  Christiana,  on  the  8th  of  November,  1823,  the  following  transits  of 
stars  were  observed  with  an  universal  instrument  of  Eeichenbach  : — 

star.  £y*.plee8  towards  the  East.  Star, 

h.    m.    s. 

Polaris .    .     .    .    t    .     .     13  36  315  Polaris 

\jl  UrssB  Majoris .     r    .     .     13  42  4'96  Polaris    , 

The  apparent  places  of  the  stars  are — 

h.    m.    8. 
Polaris         .        .    o   =  24  58  3290 
n  Ursee  Majoris    .    a   =  13  40  34  47 


a  Bootes 
Therefore  we  have— 


a"  =  14    7  37-38 


Eye-piece  towards  the  West. 

h.    m.      8. 
t'     ...     14    0  28-50 
T*     ...     14  10  47-46 


8  =  88  22  26-68 
8'  =  50  11  34-79 
8"=  20    6    8-66 


h.    m.    8. 

a  —  a'':=.     10  50  5552 

V  =     +  10  18-96 

o  — o"-f  t'  =     11     1  14-48 

P'  =1  165"  18'  35" 

The  latitude  ^  is  assumed  to  be  59°  54'  8"*4 


o  —  o'  =  11  17  58-43 

T  =  +5  33-46 

I  —  a  +  T  =  11  23  31-89 

P  =  ITO''  52'  58" 


Log  tan  8'    . 
Log  cos  P 

0-0791592 
.    -.  9-9944783 

tan8'    .     .    =    35-22949 

—  0-0736375 

-tan  8')    .    9-7204185 
....     1-5612716 

1-18478 

Log  (tan  4>  - 
LogN    .    . 

N    .     .     .     36-41427 

Log  tan  0      .    .  =  1-7752525 
Log  tan  8'      .    .  =  11999391 

LogA   .    . 
Log  sin  15" 
Log  sin  P  . 

....    8-1591469 
....    4-1383339 
....    9-1999056 

(Tan  <)  —  tan  8*)        0-5258134 
Tan  4) +  2  tan  8'        4-1251307 

8. 

«       .        .    +  31«438 

1-4973864 

I 


LogA' 6-31829 

Log  (tan  ^  -^  2  tan  8-)  0-61543 

Ar.  CO.  log  N  .    .    .    .  8*43873 

Ar.  CO.  log  sin  90''    .    .  3-36018 

Log  sin  Ps      ....  7-59971 

6*83234 


=      0*000 


410  DBnouajf  Anon  op  biobt  Ascnmoir. 

la  the  same  nuumer,  if  a  calcalation  be  made  for  «  Booteiy  we  ihall  hmi 
«.  «.  in.  t. 

^  =  183-205  +  0004  =  +  2  1321 

From  these  Talnet  of  the  qtiantities  $  and  ^  are  found  the  binarj  mnglea  t 
theee  two  itan ;  and  the  xenith  distance  of  the  pole  star  hy  thia  formula— 

Coa  (  =  cos^cos8eoa(P  —  0+*>°^>^'- 
Therefore^  hj  calculation — 


P  —  <  z=  170 

45 

V—f^z   164 

45 

1=    31 

43 

r=      31 

40 

K=Z        0 

23 

ic'=        0 

25 

8 

--<>  =  Z=— 9 

42 

r-.<)'Z'  =  -89 

48 

C  =-013754  C  =  0-15755 

The  daily  gain  of  the  clock  was  28*5 ;  therefore  for  the  time  r'  — .  r  or  28ol, 
:  0s*047.    Therefore,  if  k  and  ic'  =  0,  C  +  C  will  be  equal  to  0*29509. 

m.      s. 
T  —  T  =       28     42-50 
—  o  =       —     0-05 

—  (a"  — o)=— 27       2-91 

—  e'  —0)=—    1     41-78 

S  =  —  2-24 

S  _  -  2-24  _  S:^^ 


<J  +  0'""  '""  0-29609  • 
By  this  yalue  of  y  itself  is  found. 

8. 

for  fl  XJrssd  Majoris  C7  =  —  1-044 
a  Bootes  C'7  =  -  1-196. 
Wherefore  the  state  of  the  dock  is  as  follows— 


fl  Urso)  Majoris. 

Arcturus. 

h.    m.      8. 

h.      m.    8. 

a  =13     40     34-47 

a' =  14       7     37-38 

0=          +     31-43 

er=          2    13-21 

-C7=          +       1-04 

4-C'7=              —1-20 

Sidereal  time  =  13    42      6-94 

Sidereal  time  =  14      9    49-49 

Caooktime     =13    42      4-96 

Clock  time     —14     10    47-46 

Error  of  Clock           +    68-02 

Error  of  Clock            -f    58-07 

This  method  is  likely  to  be  of  considerable  value  to  the  astronomers  trayelling 
place  to  place,  and  for  this  purpose  wc  give  it  here. 

On  the  Detevmination  of  Bight  Ascension  I17  the  TransU  Znstziui 
—'The  origin  of  right  ascensions  is  the  intersection  of  the  ecliptic  and  equator 
Tcrnal  equinox.  For  the  purpose  of  determining  this  origin,  Dr.-Maskelynese 
a  Aquila>,  the  place  of  which  he  arbitrarily  assumed,  and  with  which  he  compai 
other  principal  stars,  applying  the  clock  error  and  rate ;  and,  by  these  means,  fo 
apparent  right  ascensions. ,  The^  were  afterwards  conyerted  into  mean  right  asoen 
for  the  beginning  of  each  year,  by  the  application  of  precession,  nutation,  and  aboi 
fh>m  certain  assumed  constants.    The  places  of  all  the  others  were,  therefore,  af 
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with  the  eiror  of  the  assumed  right  ascension  of  a  Aquils.  To  detennine  the  amount  of 
this  error,  he  computed  the  sun's  right  ascension  from  the  transit  ohserrations  depending 
on  the  assumed  place  of  a  Aquilsd  ;  and  he  also  computed  a  right  ascension  of  the  sun, 
from  observations  of  declination  by  the  quadrant,  by  the  formula. 

Bad.  X  sin.  R.  A.  =  cotan.  obliq.  X  tan.  declination,  and  comparing  the  two 
results  for  certain  periods  of  time,  on  each  side  of  the  equinoxes,  so  as  to  eliminate  any 
errors  arising  from  refraction,  parallax,  obliquity  of  the  ecliptic,  and  latitude  of  the 
place,  he  obtained  a  correction  to  his  assumed  place  of  a  AquilsB,  which  was  commop 
to  the  remaining  stars  of  the  catalogue. 

When  a  number  of  stars  have  had  their  right  ascensions  determined  by  referring 
them  to  some  fundamental  star,  they  will  all  be  ^Ihucged  with  the  error  which  may 
happen  to  belong  to  this  star ;  and  it  is  an  object  of  the  utmost  importance  to  ascer- 
tain the  existence  and  quantity  of  such  error.  The  difficulty  lies  in  determining 
accurately  the  position  of  the  first  point  of  Aries,  from  which  the  right  ascensions  of 
all  the  stars  are  counted.  The  course  pursued,  therefore,  by  astronomers,  is  first  to  find 
the  sun's  right  ascension,  by  comparing  the  transit  of  his  centre  with  the  transit  of 
the  fundamental  star,  or  with  the  transits  of  several  principal  stars,  related  to  it  by 
Imown  differences ;  and,  secondly,  to  compute  from  his  observed  declination  the  right 
ascension  belonging  to  the  moment  of  the  meridian  passage.  These  operations 
should  be  performed  on  several  days,  near  both  the  vernal  and  autumnal  equinox.  The 
right  ascensions  derived  from  a  comparison  with  the  stars  should  agree  with  those 
derived  from  the  observed  declinations  of  the  sun.  If  there  be  a  constant  difference, 
this  will  be  the  correction  to  be  applied  to  the 
assumed  right  ascension  of  the  fundamental  star. 
The  sun's  right  ascension  is  deduced  from  his 
declination  in  the  following'  manner :— Let  A  C 
(Fig.  195)  represent  a  part  of  the  equator,  A  D  a 
part  of  the  ecliptic,  and  A  be  the  first  point  of 
Aries.  Suppose  the  sun  to  be  at  S,  and  draw 
S  B  perpendicular  to  A  C ;  then  A  B  will  be  the 
right  ascension  of  the  sun,  and  S  B  his  declination. 

But,  by  Napier's  rule,  rad.  X  sin.  A  B  =  cotan.  S  A  B  X  tan.  S  B ;   that  is, 
sin.  R.  A.  =  cotan.  obliquity  X  tan.  dec. 

Or,  representing  the  sun's  declination  by  5,  and  the  obliquity  of  the  ecliptic  by  w, 

we  have 

•    Tt    i         tan  8 

sin  R.  A.  = 

tan  w 


Fig.  195. 


Example.' 
in  1851  :— 


-The  following  observations  of  the  sun's  centre  were  made  at  Greenwich 


Date. 

Sun's  R.  A.  Observed. 

Sun's  Dec.  Observed. 

h.    no.    6. 

0        #              H 

Sept.  15 

11  34  1615 

2  47    018  N. 

16 

37  61-22 

2  23  50-70  N. 

21 

65  48-55 

0  27  16-35  N. 

22 

69  24-19 

0     3   51-63  N. 

23 

12    3    0-32 

0  19   33-76  S. 

PRACTICilL  ASTRONOMY.— No.  VIII. 
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TIm  Mhfwing  enmple,  fimn  tlie  aiipgiidiA  to  tfa*  €i 
win  tfzplsui  tins  progtii  :~— 

"EiTOTS  of  Oie  Assumed  Position  of  iLe  FTrst  Point  of  Aries,  Bj-  Obflerrmtiomi 
near  the  Texnal  and  Autonunl  Equinoxes  of  1SQ2. 

Aiiumed  latitude  of  Observatory ol*  28*  SS^-d 

AjMumed  mean  obliquity,  1302,  January  1      .     .     .  23*'  27*  SS'^-SS 
Assumed  mean  B.  A.  of  a  Aquilae,  1S02.  January  I,  I9h.  4Im.  Ta-'OO. 


1861, 


Mont^i  Sua"s  R.  A.       Sur.*it  R.  A.       Exct-ss  Moath 

and  from  obserfa.  OMnpaDtdfrcNBi       of  and 

Dar.  tion  of              olMerred     ^^vmpnted  Dar. 

1W2.  Tranrfts. 


OlMerred     j^vmpnted       Dar. 
Dertinatloe.  '^lU  A.  1892. 


Feb.  13 
14 
26 
27 

Mar.  1 

7 

T5 

1« 

2e 

23 

25 
26 


fnuB  ohaer— ~4tt-inmtiid  lr«m<       df 
tion  of       .      obaerred       eampntad 
Tnaait&     i  Pwdimrtrw.  :    £.1. 

! I 


! 


Apr. 


325  2748-6 
327  26  29  5 
338  56  404 
330  53  17  3 
34145  548 
347  20  51  8 
354  41564 
357  liC  40 
350  16  18-0 
158  5371 

3  47  464 

4  42  14  7 

5  36  41  3 

6  31  11  0 
725  402 
9  14  39  2 

10  9  97. 

12  52  57  6  i 

13  47  37 1 
18  21  36  9 
20  11  37  5 
22  1589 


326  28  176^ 

327  26  52  5 

338  57  72  = 

339  53  36  5t 
341  46  21 1  i 
347  21  18  5 
354  42  12  9 
357  26  TO  4 
35915  33  5 

1  59-  78 

3  47  575 

4  42  268 

5  36  507 

6  31  24 1 

7  25  57  5 
914  539 

10  9  22  0 

12  53115 

13  47  53  9 
18  21  46  3 
20  11  58  3 
22  2  9-4 


+  290 
+  24-0 
+  268 

+  21 2i 
+  26  3 
+  267 
+  16^ 
+  6-4 
+  15  5 
+  141 
+  1M 
+  121 

—  94 

—  131 
-T73 
-14-7 

—  12  3 
--13  9 
+  168 
+  9-4 
+  20-8 
+  10-5 


Oct.  30 

28 

16 

15 

14 

t 

Sept.29 

26 

24 

31 

19 

18 

17 

16 

15 

13 

12 

1  9 

8 

3 

I 

Aug  JO 


214  2T4-9! 
212  5  53-7 
200  42  44^/ 
199  46  52*5. 


196  51  5-5 
192  2431-6 
185  82  3-6 
182  25  52  5 
180  37  54^ 
177  55  57-8 
176  815-6 
175  14  20-3 
174  20  33-3 
173  26  38  7 
172  32  44*3 
170  «  16 
169  31  7  5 
167  917-0 
1661512-8 
16144  90 
159  55  IS.^ 
158    6    60 


Mean....  |+16'72.j 


214  140-71— 34^ 
212  5  2^-5 '—242 
2B0  4ai9-9^-— 24^ 
ld9  4i63»^r-223 

laasois-ei— 206 

192  24  12-0  —  19-6 
185  8  10-4'— 132 
182  25  40-3 '—IM 


180  ^  35-1 


.19-5 


—  204 
85 

—  22^ 
!- 161 


177  55  40-9^— U<9 

176  7  56-2 
175  14  118, 
174  2»10-^' 
173  26  226^— .vx 
172  32  33*5  —  H* 
170  44  41-6  — 2M 
169  60  51-9t— 16H5 
167  915-ar-  1-7 
166  14  56-4 1—164; 
161  44  16-5  U-  75 
169' 65  9«Ol—  m 
Ifift   5  58-7  —  6-3 


l£ean. 


—  1558 


/ 


Tbe  correction  applicable  to  the  rig^t  ascensions  of  all  stars  observed  in  1802  is 

+  1672  —  15-58  ''   ^         ,    s.         . 
=  +  0-57  =  +  0-04. 

Errors  of  collimation  may  be  determined  by  a  micrometer  attached  to  the  eye-piece 
of  the  telescope,  by  which  the  angular  distance  of  the  object  from  the  central  wire  is 
first  measured.  The  instrument  is  then  reversed,  and  the  distance  of  the  same  object 
from  the  central  wire  again  measured.  The  azimuth al  direction  may  be  found  by 
comparing  any  two  stars,  differing  in  declination,  whose  places  are  known,  Polaris 
being  generally  one  of  these  stars.  At  the  present  time  the  places  of  certain  fixed  stars 
are  used  for  these  purposes,  and  a  correction  of  the  assumed  equinox  is  obtained  fi*om  all 
the  right  ascensions  and  north  polar  distances-  of  the  sun.  (See  the  annual  volumes  oi 
the  Greenwich'and  Cambridge  OWT7a\.\ona.^ 
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If 


'Wlien'.diir/pTeoediiig-eKrareiof 'ocdllmathMaj  leW*  andi  asmnitiilxayer'been! applied  to 
tfaB'TwaLta:  of  obsoratioiny  the  transit  inttnimeiEt*Gan  W  uaoftiUj'empkTved  in  tHe  da* 

termination  of  accurate  time  and  the  investigation  of  apparent  rigkt  ateenuon^  Tl» 
**  Nautical  Almanac"  contains  the  apparent  places,  for  every  tenth  day  in  the  year,  of 
certain  fixed  stars  called  clock  stars,  which  can  be  ipomediately  compared  with  the  cor- 
rected instrumental  results.  A  scries,  of  clock  errors  for  certain  epochs  of  time  will  thus 
be  obtained  (by  taking  the  difference©  of  tHe  fbregoing  numbers) ;  which,  being 
g;roiq^-i«-8tteee8siT»-dfky8)  will  gtre-at  ooe^-a-rwl^^rf  the  clock.  In  adopting- the  roto 
for  use,,  due  weight  muafcr  be  allowed;  for  the  interval:  of  time:  cm.  whioh  eeoh  deduced 
ra/&  depends,  and  also  oaita.  relative,  accuracy  withj:£gard.to  th&ji  umber  and.diatrihur 
tioniofithaclock  sttrsi 
Apparent  Errors  of  the  Transit  CTbck,  and"  Adopted  Clock  Rates  and  dbck-Eirors  At. 
Oh.  Sidereal,  in  the  Year  1848. 


Ill 

i 

1 

< 
•4'. 

fll 

m 

ilii 

< 

Is 

1" 

March  14^  7 

8 

8 
9 

«J8t 

HI 

»»• 

h.   m.    8. 

6  3S'  28-04 

7  U.     3-66 
7    U    M-90 

7  31    21-74 

8  38-  41-87 

h.    m.      8.- 

6  38     28-65 

7  10     5«40 
7    24     50-40 

7  31     17-86 

8  38    4»«82 

4-39 
4-56 
4-50 
4-38 
4-55 

2-38 

M 

s. 

8. 

8. 

0^4 

37    21 

J               14-7 

T   28- 

4»4H 

-u 

4-4^ 

i 

March  13; 

2»ato'8id«real 

4t37 

1 

74-32 

i-ir: 

0'37 

March  17,  10 
I 

H. 

10      0    17-94. 

10      0    12-29 

5-66 

»> 

2S'2\ 

0-58 

004 

iHarolU%,  7 

i         1 

8 
8 

\             11 

»»i 
)») 

111 
lit 
»»■ 

6  62?  40i0»f 

7  11      3-58 
7    24^   64*88 
r   81    21-68 

7  86      1-68 

8  1      5-66 
11      6      2-77 
11     11    46-68 

6  69    88^ 

7  10    5677 
7    24    48-20 
r  3i    1601 
7    35    5503 
8r     0    68-96 

U      5    66-16 
11     U    40-22 

6*69 

6-81 
6-63 

»6r 

6-65 
6.-70. 

e^ei 

6^6 

a-54; 

^      ■        80  68 

66    48 

6-22 

\               18-8 

\ 

a  2t 

6^65 
-18 

a-25 

1 

March  17d.  231 

I.  at  Oh.  sidereal. 

6-47 

20-47 

0-48 

0-44 

March  19, 11 
11 

H. 

11      6      2-77 
11    11    40-68 

11      5    55-87 
11    11    40-15 

6-90 
6-53 

0-47 

1911 

, 

11      8 

6-72 
'    -21 

6-73 

' 

March  ISd.  01 

I.  at  Oh.  sidereal. 

6-51 

1 

[  \  \ 

\  ^ 

^. 
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OB8£RYATIOK8  WITH  TRANSIT  CXSOLB. 


The  following  forms  will  show  the  method  of  reducing  transit  obserrations  at  the 
Boyal  Ohserratory,  Greenwich,  as  well  as  the  formation  of  clock  errors  at  Olu  siderotl 
and  adopted  rates  :«- 

Example  I.— Observations  of  Transits  in  the  Tear  1851  with  the  Transit  Cirde,  tnd 
Computations  of  Bight  Ascension. 


d.   h.  m. 
Approx.  Sol.  Time.  August  15  8  27 


Name  of  Object. 


Approx.  N.P.D.  oi 
Object. 

Observer. 


fi  Sagitarii. 


Reading  of  Transit 
Micrometer. 


H.  B. 


r. 
31-500 


Trans,  over  wire  I. 

„  „    IV. 

„    VI. 
„  VII. 

Add.... 

Observed  Transit . 

Col.  error  —  0-76  X 
Level  err.  — 4-34  X 
Azim.err.— 0-36X 
True  Transit  over 

Meridian  . . 
Clock  slow  at  Oh. 

Siderl.  preceding 
Adop.  los.  rate  1*14 
Ob.  R.  A.  of  Object 
Star's  Correc.  with 

Sign  changed.. . 
Obser.  Mean  R.  A, 

Jan.  1,  for  Stars. 


h.  m.  8. 
26-2 
41-2 
55-0 
10-7 
25-6 
40-7 

18  4  54-7 


d.  h.    m. 
15  10  26 


0  Aquilas. 


91  16 


h.  m.  8. 
15-2 
291 
42-8 
56-7 
10-4 
24-4 

20  3  38*0 


7)  250            1 

3-57 
7^14 

18  4 

10^71 

+ 

-071  = 

—  •05 

+ 

•021  = 

—  09 

+ 

•063  = 

—  03 

18  4  10-54 

41-83 
•86 

18  4  53-23 
^2-09 

7)  36-6 


5-23 
1-43 


20  2  56-66 


d.  h.  m. 
15  10  32 


a  ^Capricomi. 


h.  m.  8. 
244 
38-3 
52-3 
64 
209 
35-2 

20  9  49-4 


7)  36-9 


6-27 
143 


18  4  5M4 


4-  -067  - 


•05 


-H  -040  —      -17 


+  -053 . 


•02 


20  2  56-42 

;41-83 
'       -95 


20  3  39-20 
—  2-24 


20  3  36-96 


20  9  6-70 


d.    h.   m. 
15  10  49 


c  BelphinL 


79  12 


h.  m.  8. 
431 
67-3 
11-4 
25-3 
39-6 
536 

20  26  78 


7)  381 


6-i4 


20  25  25-44 


•068  —     -05  4-  -068  —    05 


•029—     -13 


+  .062  —      02 


■f   052  —  -28 


+  •044  — .-02 


20  9  6-50 

41-83 
•96 


20  9  49-29 
—.2-33 


20  9  46^96 


20  25  25-14 

41*83 
•97 


20  26  7-94 
—  2-25 


20  26  5*69 


Having  obtained  the  error  of  the  clock  at  any  certain  period,  and  also  the  rate,  bf  i 
simple  interpolation  we  can  find  its  error  at  any  other  time.  When  this  is  appUed  to 
the  observed  transit  (properly  corrected),  the  apparent  right  ascension  is  at  once  obtained. 
This  can  be  converted  into  t\ie  mean  lif^t  9&cieii«vai3L  for  the  beginning  of  each  year,  by 


\ 
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the  day  numbers,  A,  B,  C,  D,  given  in  the  *'  Nautical  Almanac,"  combined  with  the 
star  constants,  a,  b,  0,  d,  of  the  British  Association  Catalogue.  This  method  of  deter- 
mining the  corrections  for  precession,  nutation,  and  aberration,  is  so  lucidly  explained  in 
the  latter  work,  that  we  shall  content  ourselves  by  simply  referring  to  it ;  but  we  may 
mention  that,  for  the  purpose  of  ayoiding  negative  signs  in  their  computations,  the 
Astronomer  Royal  has  ingeniously  transformed  these  formulae.  (See  the  Introduction  to 
the  Greenwich  Twelve  Tear  Catalogue.)  The  annexed  examples  worked  out  will 
illustrate  all  the  preceding  formulae. 


^Example  II.— Computation  of  Star  Corrections  applicable  to  Mean  R.  A.  by  the  New 
Constants,  in  the  Tear  1851. 


Day. 

August  15.; 

Star's  Name. 

/A  Sagittarii. 

6  Aquils. 

a'  Capricomi. 

€  Delphini. 

Star's  R.  A. 

'  ■ 

Star's  N.  P.  D. 

\ 

Reference  for  Star 
Constants. 

1578 
Gr.  12  yr.  Cat. 

1804 
Gr.  12  yr.  Cat. 

1816 
Gr.  12  yr.  Cat. 

1836 
Gr.  12  yr.  Cat. 

Log.i; 

Log.  9    

Sum  and  Number 

1-60053 
0-07971 

1-60053 
0-09141 

s. 
49-197 

14-360 

42-966 

34*403 

74-433 
86-878 

1-60063 
0-09228 

1-60053 
0-09366 

1-68024     47-890 

1-69194 

1-69281     49-296 

1-69408    49-440 

Log.^ 

I^g./   

Sum  and  Number 

1-09921 
0-06263 

1-09921 
0-06794 

1-09921  : 
0-05774 

1-09921 
0-06897 

1-16174     14-182 

1-15716 

1-15696     14-353 

M6818     14*394 

Log.(? 

Log-^   

Sum  and  Number 

0-18447 
1-45615 

0-18447 
1-44866 

0-18447 
1-46226  1 

0-18447 
1-44607 

1-64062    43-714 

1-63312 

1-63673    43-324 

1-62954    42-613 

Log.J 

Log.A  

Sum  and  Number 

1-45769 
0-07899 

1-45769 
0-07891 

1-45769 
0-07618 

1-45769  ' 
0-08191  * 

1-53668    34-410 

1-63660 

1-53387    04188 

1-63960    34-642 

L 

/   

Sum  of  Numbers 
SubtractConstant 

St«rCorrection= 
Remainder 

74-433 
87-459 

74-433 
86-736 

74-433 
86-727 

302-088 
300-000 

302-237 
300-000 

302-330 
800-000 

302-249 
800-000 

2-088 

2-237 

2-330 

;2-249 

\ 

tree  ^ 

«  _  o 


?  g  an  >>  S>  m. 


Aai»a->  t'J*q.  Wi   HcAitrifltB^ 


m'^^- 


r"^  £•«&  T**^*!^  •  'jE  *^«  JJJ0 


'.«*■' ^ 
^ 

s 


3. 


•  o     OS  -^1*- 


4  <-^  »  ^  u  la 


1— ■        1^  eK  ««  C^  ^-  e^  ^  «^  fc^  >^ 

O  -|^  4f  9  t9  ^Hl  Ca  t'^  -^  4^  a?  ^        S« 


t?'  Qt  *4E^^  - 


It 


i-:i 


CO  "  .  ^ 


§1 

It. 


] 


d 


j<  mod  ^  ffi  1^  a»  «4  C  4^  c 
^  M  e«      ^'d  — mo  fcD      ik  ^  o 

C*  «  -»J         13  -I  3:  I—  Cl  O  ^I  rf-  *  rf 


i^natoiHiiPi*-! 


Vfra^  (r:o?>i 


;■  £  S  C^  vf  J^  :^  fiQ  tr  IK  u  Q  il^  ^  ^  1^  9i  rib 

'■t  ^  1:  J  ivs  jA  I J  itj  "^'i  -J  a*  ;^  CO  e^  '<&.s  fe3  at  ^ 


^  M  en  -^  1^^  <-<  i.^  .M^  e,T  u,  I  j  .-^       u^  u  ^"^  u  bs  ea  «*  l<a  ^ 

■^'t  m  *i  O  ij  nj  (y  y-  y la  m  y  er.  v-  >  i^-a;  m  tk       '-V 1^  cr.  i&.  &■ 


'^-4~<1^90>'39£JCtJAd?C?bi%?Ui^Cri£^rfkA.i^dLt»>Hl^b9aa'd 
.^^       tn  Jb cd u  1^ » «-^      ti  jt  ii  *  t^ S _> ''^ 5!  *■  ■fl* **       ^      ^ 


O^Jtar- 


I     I     I 
C^  K|  H 


<3fbmrfvr^ 


• 
-J. 


,:  i 


&i 


IS"  O' 


■a 


^ 


■^»*ftiso4»Mi*Sd  ia^  ^a  eo  *  63  (K  -J  a»JJ  "HTOii*;  o  cj  tn  at  j 
a  ^  5<  Hffl  a^  --'i  H^  *fc^  Cl-iir^sSl  ♦-'  '-'  S  ^^  6  ^«t  k^^o^-  tA  tc  --"i  i£  ; 
V-MT  *^  a;  i-i  M  -J  -*ti  w  ■»  01  ot  -3  M  E  tu  t  ea  &*-  »—  ^  i-j  -1  c^ : 


:?£ 


»  13  O 


ae  Id  ^  S.#. «•*  t  tj.  o  *  CV  5S  «>4J<-P  EHi  .»  «  ^  p  cri^  M:<V  E 


■^f  -*  »3  ifa.  PC 


o  x:  ih.  -^  qi  H^  iz,  I.*  -a  ly  t-s  o  <a  T  g^  Si  ^  Cii  e^  g  t-a  ■^ 


5         »  -^  ti  W  S  i.  -^l  !?:■  i  =1        --'i  'J  -%  4'  jI  :,r  ii    '    !►  &  -^O^tL 


1     ::?    5f 


^u      S3 1? 


I 

-1 


=  3  £  S 


:?'-B  Q*«  Oca. 


4 


o 

iS 

n 
I 

a 

'S 

i 


■  I 


3f?    3 


ilSf" 


if 
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The  -Mlowmg  examples  will  show  the  mothode  of  detevmimnf 
of  iihe-tronsit  insrkmmont  at  the  Eoyal  Observatoiy,  Gmenwioh  >— 


Approximate 
fiolar  Tima. 

1848. 


d,   h. 
April  28,  9 


April  28,  lOi 


Transits  Corrected  for  Error  of  Ck>lliihation  and  Levri  Error,  "with  the 
Oorreotioni  for  Cioaic  Rate  aud  Gtumgo  of  &.  A^  atnd inferred  Aximuthal.fltnirs. 


Transit  of  fi  Loonis  corrected  for ) 

two  errors  )    ' 

Tabular  Bight  Ascension . 

Clock  Slow 

s.  h.m. 

Rate  [1-25]  for  1  20   .     . 


Transit  of  Polaris  "B.  P. 
Tabular  Eight  ^Ascension 


h.  m.  8. 

11  40  45-45  +  z  X  0041 
11  41  19-74 
34-29 

+  •07 


34-36  —  z  X  0041 

h.  m.  8. 

13  3  25-85  +z  X  1-638 
1  4     8-76 


42!W— jiXl-iSaB 


_  +  8-55    _ 
"*       1-597"" 


+  6'.SU 


IFunel?,    "8 

20 


Tvuudtt  of  ifolflCBkil.  P.  . 
Transit  off  PdUffis  .     .     . 

(Olookfi«te.[l«06]£irl2.. 
Bubtnust  Jnoieaae^of  ) 
B.A.inI2h.     j    ' 


h.  m.  s. 

13  4    5-46  +.z  X  1-636 

1  4  15-84  — s  X  iJflM 

+  0-53 
—  0-40 


/.2  =  + 


,10'gl 

3-i7a 


1  4  15-97  +  z  X  l-'fi 
=  +  8'"514 


The  prajctioal  diicctions  for  lueing  .them,  as^ren  in  the  Greenwich  Obseryationflt 
are -SB  followi  (1848,  page  xz*)>~ 

•'Mf  t(wo  .consecutive  transits  of  Polaris  have  ibeen  observed,  the  first  transit  (as 
corrected  for  error  of  caUimation  and  lavel  error)  is  altered  b7  the  change  of  the 
starts  right  ascension,  and  by  :the  estimated  clock  error  for  12h. ;  and  the  difference 
in  sooands  of  time,  between  the  .altered. first  .transit  and  theeccond  transit  (rcgecting 
13h.)  is  divided  by  6*171  io  obtain  the.azimuthal  error  in  seconds  of  spaoe. 

*Mf  three  transits  have  been  observed,  the  difference  between  the  first  and  second 
is  taken  (reacting  12h.)»  and  th£  difference  between  the  secoiKl  and  third  in  like 
manner.;  and  the  jnean  .between  XheseJs  supposed  .te  be  independexxt'ef  4iie  change  of 
right  aarenaian  .andihe  clDok!s.ratQ,AnAia  then'divided  by  3-l11» 
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<<  If  Beyeral  transits  have  been  observed,  the  same  process  is  used  for  erery  snoces- 
sive  set  of  three,  and  the  results  are  used  separately,  or  the  mean  of  the  results  is 
taken,  according  as  there  appears  reason  to  think  that  the  position  of  the  instromeat 
has  or  has  not  undergone  a  change." 

Example  of  the  Determination  of  Azimuthal  Error  by  Three  Consecutiye  Transits 

of  Polaris  : — 

Transit  corrected  for  two  errors. 

h.  m.  s. 
1846.    Dec.  15.    Polaris  ...     1  4  4939 

4-  14-09 
Dec.  15.    Polaris,  S.  P. .  13  4  3530 

4-  11-78 
Dec.  16.    Polaris  ...    1  4  4708 

5-87 


+  12-94 


„,      X  12-94 
.•.Z.=  — 3:n8  =  +*12. 

On  the  Betenniiuttion  of  Tezzestzial  Longitudes. — In  this  section  we 
shall  explain  the  principal  methods  used  in  the  determination  of  terrestrial  longi- 
tudes:— 

Longitudes  by  transits  of  the  moon  and  moon  culminating  stars. 

The  first  introduction  of  this  method  appears  to  be  entirely  due  to  the  German 
astronomers.  About  the  year  1820  it  was  agreed  on  by  Gauss,  Bessel,  Stmye,  Nicolsi, 
and  others,  to  observe  transits  of  the  moon,  and  certain  pre-arranged  stars  lying  in  its 
parallel,  for  the  purpose  of  determining  longitudes.  The  celebrated  Schumacher  gave 
his  zealous  co-operation  by  the  immediate  publication  of  the  results  in  the  '*  Astro- 
nomisch  Nachrichten."  In  these  kingdoms  the  method  was  cultivated  by  Dr.  Brink- 
ley  and  the  late  Mr.  Baily»  the  latter  astronomer  having  contributed  to  its  advance- 
ment by  his  memoir  on  the  subject  in  the  Transactions  of  the  Boyal  Astronomical 
Society,  which  led  to  the  insertion  of  the  requisite  data  in  the  pages  of  the  *'  Nautical 
Almanac." 

The  stars  with  which  the  moon  is  to  be  compared  are  selected  in  the  same  parallel 
of  declination,  for  the  purpose  of  nullifying  any  small  errors  which  may  be  left  on  the 
transit  instrument ;  but  notwithstanding  all  the  care  which  was  taken  by  these  refine- 
ments, there  are  still  uncertainties  produced  by  irradiation  and  a  peculiar  personal 
equation  of  the  limbs  of  the  moon,  which  tend  to  throw  doubt  on  the  results.  The 
former  quantity,  or  "  irradiation,"  may  be  eliminated  by  the  results  of  the  moon's  1  L. 
and  2  L. ;  but  the  latter  is  a  variable  and  unknown  quantity,  in  some  instances  affecting 
the  transits  of  the  first  and  second  limb  in  a  different  proportion.  In  the  following 
pages  we  will  show  the  method  pursued  by  the  Astronomer  Boyal  in  the  longitudes  of 
the  North  American  boxmdary,  and  also  those  of  MM.  Rumker  and  Stnive.  The  method 
of  the  Astronomer  Eoyal  is  to  be  used  in  cases  where  there  are  no  corresponding  obser. 
yations,  and  the  residts  will  consequently  be  affected  with  the  tabular  errors  of  the 
moon's  right  ascension  in  the  "  Nautical  Almanac,"  an  approximation  to  which,  how- 
ever, may  be  made  by  observations  on  other  days  at  any  standard  observatory.  The 
methods  of  M.  Bumker  and  Professor  Struve  are  intended  for  corresponding  observa- 
UonB;  the  former  having  been  applied  in  the  determination  of  the  longitude  of  Port 
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Stephens,  New  South  Wales,  and  the  latter  in  the  longitudes  of  several  places  in  Tur- 
key, during  the  years  1828  to  1832  inclusiye. 

The  first  melhod  of  determining  longitudes  is  hy  the  absolute  right  ascensions  of 
the  moon's  limb,  and  is  only  to  be  used  where  there  are  no  corresponding  observations 
of  moon  culminating  stars.  It  consists  in  making  two  assumptions  of  longitude,  differ- 
ing by  any  known  quantity,  and  interpolating  for  these  times  the  right  ascensions  of 
the  moon's  limb  from  the  numbers  given  in  the  section  of  '*  Moon  Culminating  Stars"  in 
the  Nautical  Almanac.  These  tabular  right  ascensions  are  given  for  the  time  of  transit 
of  the  upper  and  lower  meridian  at  Greenwich.  By  comparing  the  interpolated  data  with 
the  result  of  the  meridian  observation  at  the  place,  the  exact  difference  of  longitude 
may  be  found  by  a  simple  proportion.  The  true  difference  of  longitude  being  supposed 
to  lie  between  two  assumptions  1'  different,  the  following  will  be  the  proportion  :— 

As  the  difference  of  the  two  interpolated  R.  A.'s  :  60  sec.  : :  the  difference  between 
the  E.  A.  of  observation,  and  the  computed  E.  A.  :  the  correction  of  the  first  assumption. 
The  data  from  the  "  Nautical  Almanac"  are  as  follows : — 

Moon's  E.  A.  on  preceding  day. 

E.  A.  at  lower  passage,  preceding  day. 

E.  A.  of  corresponding  day. 

Moon's  E.  A.  at  next  lower  passage. 

Moon's  E.  A.  at  following  day. 
The  following  method  of  interpolation  may  be  used,  the  fourth  differences  being 
considered  constant : — 
Suppose  a^^  a^  -{-  bh  +  ch^  +  dh^  +  eh*.    In  this,  for  A  write  —  2,  —  1, 0,  -}- 1,  -f  2, 

and  take  the  differences.    This  gives — 


«•     =flo 


Ist  differences. 


4-6— 3  c 4- 7  «|  — 15  « 
6  4-8«+7<?+15« 


2nd  diff. 


2«-6d  +  14« 

2e-|.20 

2c  +  6<f  +  14« 


8rd  diff. 


J<f— 12« 
\d-\-ne 


4th  diff. 


240 


=  A"' 


Now  take  the  differences  of  the  terms  o-^,  o-i,  a^  a^,  Oj,  thus— 

-f  A'o      *  ,   +  A'"__i  I  Comparing  this  with  the  foregoing 

«_o  .      .  +  ^'  0  +  A""  r        difference,  we  shall  have 

M  *  _l    A"     TO  1 


24^=23""  .•.«  =  ^ 
6<f  + 12 tf  H-  ecT—  12*=  A'"_i  +  A'"o  .-. 


^""  12 


2tf  +  2tf=A"o.'.  «^=^° 


A" 
■2 


\ 
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Z 

The  .intarval  between  any  two  conBecuiive  tenos  of  Aha  gLTan  ^uantitifi^  h 

0-9  o^,  is  Auppoaed  to  bo  unity,  and  ihcrofuze  h  must  bo  a  fcactioiud  part  of  thk 

unit.    Tbu9,  if  ihis  interval  bo  12h.,  mnd  the  time  for  ;interpQlatLan  ah.^Om.,  tban 

.        db.  .12001.     T^  ^,      .  ,        ,  , 
^=     j^^^        "  »^®  mtcrval  between  the  consecutiye  quantities  be  24h.,  then  we 

should  have  A  =     ^    —  *;  and  so  on  for  other  intervals. 

The  following  example  will  illustrate  the  whole  process  : — 

Longitude  of  Port  Essington,  north-east  coast  of  Australia,  deduced  from  lunar 
transits  observed  there  in  1839  by  Captain  Owen  Stanley,  R.IS'. 

The  following  meridian  right  ascensions  of  the  moon's  l.L..at  Port  Essington  are 
foimd  by  the  usual  means,  applying  carefully  the  error  and  Jate.of  the  chronometer:— 


JLA. 

.t. 

Mi.        .£. 

1839,  June  20, 

])1L.      . 

.     12 

60     U'M 

„      Junfi  23, 

J)  liL.   .  .. 

.    .14 

SO    .6,7»01 

„      June  24, 

3  1  L.      . 

.     16 

2    69-99 

„      June  25, 

])  IL.      . 

.     1-6 

69     11-11 

Sec. 

Sec, 

'By  assuming  two  longitudes,  8h.  ^9m.  east  and  8h.  48iu..eaat,  and.  interpoladog, 
with  fourth  differences,  the  right  ascentionjof  the  moon's  limb,  from  the  data  for 
upper  and  lower  transit  over  the  Greenwich  meridian,  I  find  ifor  longitude  9ih.  4tin. 
east,  Jfight  ascension  of  the  moon'ji  1  L.,  12h.  60m.  14s. -64 ;  and  for  longitude  8h.  48b. 
east,  right  ascension  of  the  moon's  1  L.,  12h.  50m.  168.-46.  The  correotion  to  the 
tabular  right  ascension  of  the  moon's  1  L.iji  —  Os.'27,  from  an  observation  made  at 
the  Royal  Observatory,  Edinburgh. 

The  observed  right  ascension  of  the  moon's  IX.  is  Kh.  '60m.  14s.'38 ;  therefore  by 
a  proportion,  the  longitude  from  this  observation  is  8h.  40m.  6%6;*^  east. 

Proceeding  in  a  similar  manner,  we  find  for  the  observation  on  1839,  Jnae  26,  for 
assumptions  of  longitude  8h.  49m.  east  and  8h.  48m.  east,  the  right  ascensions  of 
the  moon's  1  L,  I6h.  fi9m.-0a.'95  and  ISh.  59m.  12s. -86  respectively  (a  isorrection  of 
-f  Os-09  being  applied  from  the  Hamburg  meridian  obpervation). 

The  result  of  the  meridian  observation  at  Port  Essington. is  J Bh.  59nu.lls.'ll- 
therefore  the  resulting  longitude  is  8h.  48m.  31s. -12  east. 

The  second  method  will-  include  the  use  of  moon  culminating  stars  observed  at 
other  stations.  The  simplest  way  is  to  form  difiereaced  at  each  observatory  between 
the  transits  of  the  moon's  limb  and  each  moon  culminating  star  (properly  corrected 
for  the  rate  of  the  clock  in  the  interval).  '  Comparing  these  differenoes  with  the 
respective  differences  at  other' stations,  the  increase  of  the  right  ascension  of  the  moon's 
limb  will  be  obtained,  which  •will,  however,  differ  from  the  increase  in  the  right 
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ascension  of  tSie  moon's  centare,  in  consequence  of  the  change  of  the  moon's  geocentric 
seini-diameter  in'the  interval  of 'the-two  passages.  'This  fcorrection  may  he  computed 
as  follow? : — If -tire  •  geocentric  TaditM-of  ^e!moea«HlffiiiiiitiDg  in  A  is  call«dr^aad4he 
tmo- decimation.  4;  ^d  for  a  •  culmination  rat  another  .station,  £,  these  quantities  .are 
called,  f».  and  direi^pectiyely;  the  correction  will  ho 


115  'V  COB  15?  XOB'fi/ 


the  true  diffeuence  of  tiie  right  asoeneion  of  the  centre  for  hoih  times  of  observaiion. 
^e  sign  —  applies  to  the  western  limh,  and  the  sign  +  to  the  eastern  limh. 

But  if  the  apparent  right  ascensions  of  all  the  objects  observed  are  given  &t  the 
«tiitiaiifi,*tb^inoie  direetwAj  will  be  as  follows  (Struve's  method) : — 

Example. — 1846,  Jiaroh  10.  The  following  corresponding  observations  .of  the 
moon  1  L  and  moon  culminators  were  observed  at  Greenwich,  Oxford,  Hamburg,  and 
Georgetown  (U.S.)  Observatories.  The  differences  of  longitude  of  Greenwich,  Oxford, 
and  Hamburg  are  isupposed  to  be  accurateiy  known  J  and  it  is  proposed  to  detcrniine 
the  longitude  of  the  Georgetown  Observatory. 

Theilongitude  of  Oxford  IB  .     '5m,    as.^G'W. 

„        „        Hanibui^         .        .     39m.  548. 1  E. 
„        „        Geergttown     .         5h.  8m.  20s.^-'WTeBit 


arcenwich. 

Oxford. 

Hamburg. 

"Oeorg^etown. 

- 

f  Leonis 
•oLeoniB     , 
3)  IL   • 

Btfgiilus     ; 
>Xedni»     j 

9  123  40-73 
'9  !82  57^ 

9  144-  4-21 
10  0  12.39 
il0;24  .44-47 

fa.  flA.  «. 

9  23  40-94 
*9  ^2  •58*08 

9  44  14-22 
10  0  12-42 
10  24  .4-4 -46 

Ji..jn.  8. 
9  28  40-773 
•0  «2  57^96 
■9  "42  44-850 
10    0 12'^T7 
10  24  :44-S58- 

li.  in.  8. 

'9  132  57-995 

9  154  13-876 

10     0  12-380 

.JThen,  CQUpariiig  eachdster  withitfae  Qnenwidi'.ObBerviaii(aii,-w&lLaTe:tbe£iUoiviiQg 
ioorrections : — 


»        Vtme^fBtanr. 

'Bxftffd. 

^nnlwrrgr. 

1  Leonis. 

.0  Leonis. 

Hegillus. 

^         f  Leonis. 

-8.                     , 

—  0-21 

—  0-09 
—  0-08 

+  0-01 

-  0'043    • 
-0-006, 
i|-'^*063 
+  0-U2 

—-0005 

4-/0^10 

Meuu 

—  0-08 
•    • 

+  0-032 

-f  0-003 

■        ■       : 

.  When  the  above*  corrections  ate  applied  to  theiight  ascension  of  the  mootfs'limb, 
we  shkll' be  fm^Bled'to.  give  its  jplace  independent  <5f  any  .errors,  either  in  the  assumed 
"  eijuinox,  oi  of  any  small  residtial  instrumenfcil  correction.  'Thus,  the  ,ibllowiiyj  sidereal 
times  of  observation  are  formed  : — 
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8IDEBBAL  TIME  OF  OB8RRYATIOK. 


Oreenwioh. 

Oxford. 

HamboTf.' 

Georgetoirn. 

Sidereal  time  of  obaeryation 
Longitude 

h.  m.   8. 

9  44  4-210 

0  0-000 

h.  m.   8. 

9  44  14*140 

+    6     2-600 

h.  m.  8. 

9  42  44*882 

—  39  54*100 

b.  m.    8. 
9  6413*879 

+  6    8  20000 

Greenwich  sidereal  time    . 

9  44  4-210 

9  49  16-740 

9     2  50-782 

16    2  33-879 

Greenwich  mean  solar  time 

10  31  13-45 

10  37  26*94 

9  50    6*77 

16  48  60-95 

Interpolating  for  these  times,  from  the  *'  Nautical  Almanac/'  we  find  the  following 
right  ascensions,  declinations,  and  semi-diameters  of  the  moon :-~ 


}>'8R.A.of  Centre. 

D'8  8emid. 

3>*8  0eo.DeoL 

For  the  Greenwich  Merid.  Passage 
„      Oxford                 „ 
„      Hamburg             „ 
„      Georgetown         „ 

h.    m.   8. 
9  45     3-86 
9  45  13-84 
9  43  44-87 
9  55  13-54 

//      / 
14  4806 
14  48-06 
14  47-96 
14  48*93 

o     i      u 

+  8  22  53 
+  8  21  48 
+  8  29  10 
+  7  33  40 

Computing  the  moon  s  geocentric  radius,  by  the  formula  ,-= 3 — 7-9  v®  ^"^^  ^ 

.     .     *^ ,     ®    . .  °  ^   ^  16  cos  deol. 

the  four  observations  :— - 


(Greenwich 
Oxford 
Edinburgh 
Georgetown 

Obserred  R.  A. 
of  D'slL. 

])*BSemid. 

Observed  R.  A. 
of  Centre. 

Seconds  of 
N.A. 

of  N.A. 

Means. 

15oo8.Decl. 

h.  m.    8. 

9  44     4-210 
9  44  14-140 
9  42  44-882 
9  64  13-879 

59'-843 
59-843 
59-862 
69-782 

h.  m.    8. 
9  45     4-063 
9  45  13-983 
9  43  44-734 
9  65  13*661 

8. 

3-86 
13-84 
44*87 
18-64 

+  0*193 
+  0*143 
-0*136 
+  0*121 

D.A. 
+  0067 
D.A. 

The  longitudes  of  the  first  three  obseryatories  are  considered  well  knowxiy  and,  hj 
taking  their  means,  we  obtain  +  Os.*067.  The  correction  from  the  assumed  longitade 
of  (Georgetown  is  +  0s.'121 ;  therefore  the  difference,  +  0s.*64,  is  to  be  oonyerted  into  an 
error  of  longitude. 

The  motion  of  the  moon  in  B.  A.  at  the  time  of  Georgetown  transit,  by  the  formula 

-,  where  i?  is  +  116s.*08  in  Im.,  or  +  0s.-03197  in  1  seoondof 


dL 


dA'  —  dA" 


lAdereal  time— hence  the  correction  of  the  assumed  longitude  is 


+  0s.*054 


0s,-03Y97  ""  +  ^■•*^' 
or  the  true  longitude  from  this  observation  is  6h.  8m.  218.-69  west. 

The  following  additional  example  of  the  determination  of  longitude  by  observati0n 
of  the  moon  and  moon-culminating  stars,  is  from  Stmve's  "  Geographical  Investiga- 
tions in  Turkey." 
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1831,  May  22,  the  following  transits  of  the  moon  and  moon  culminating  stars  were 
observed :— 


▲PPABBNT  KIOHT  ASCBN8I0W8. 

Object. 

Sohuraeha. 

Dorpat. 

Craoow. 

Green  wieh. 

dVirginis    . 
3)L.    .        . 
i'Vireinis    . 
I74\^ginis 

h.    m.  8. 

13  1  14*16 
13  46-60 
26  45-64 
35    8-90 

h.  m.     8. 

13  1  13-83 
13  40-93 
26  45*80 
65     8-61 

h.    m.    8. 

13     1  13-90 
14  34-05 
26  45-75 
35    8*87 

h.    m.   8. 

13  17  10-37 
26  45-77 
35     8-81 

Taking  the  mean  of  the  apparent  right  ascension  at  Dorpat  and  Cracow,  we  obtain - 


h«  m.   B. 


6  Yirginis 

1*        .  .  . 

.        174      . 

The  following  table  of  reductions  is  formed  :- 


13  1  13-86) 
26  45-77  f- 
35    8-74) 


Object. 

Schurscba. 

Dorpat. 

Cracow. 

Greenwicb. 

^  Virginia    . 
|5  Virginia   . 
174  Yirginis 

—  0-30 
+  0*13 

—  016 

+  003 

•   —  0-03 

+  0-13 

—  0*04 
+  0-02 

—  0*13 

8. 

—  0-00 

—  007 

Means  •        • 

-Oil 

+   0-04 

—  0-05 

—  0*03 

By  applying  which  to  the  observed  right  ascension  of  the  moon's  1 L,  the  right  ascen- 
sions of  the  moon's  1  L.  are  obtained,  viz. — 

b.     IXL      8. 

At  Schurscha  .  .  13  13  46*49 

Dorpat  .  .  13  13  4097 

Cracow  .  13  14  3400 

Greenwich  .  .  13  17  10-34 

Proceeding,  then,  with  an  assumption  of  longitude  of  Schurscha  =  4,  we  obtain  a 
correction  of  the  ephemeris  d  A',  which  includes  both  the  error  of  the  ephemeris,  and 
also  the  motion  of  the  moon  in  B.  A.  produced  by  an  error  in  the  assumed  longitude. 
The  error  of  the  ephemeris  having  been  determined  by  the  comparison  of  the  observa- 
tions at  Dorpat,  Cracow,  and  Greenwich,  the  residual  error  at  Schurscha  will  be 
entirely  due  to  the  erroneous  assumption  of  the  longitude  of  the  latter  place.  Thus, 
if  <^  A  be  the  correction  of  the  ephemeris  determined  at  the  three  standard  observatories; 
and,  if  the  observed  right  ascension  of  the  moon  at  Schurscha  be  a%  and  that  from  the 
ephemeris  A',  so  that  a'  —  A'  ss  d  A',  then  the  correction  of  the  assumed  west 
longitude— 

dA'^dA 

a  Li'^i . 

/* 

The  longitude  of  the  place  deduced  from  the  lunar  culmination  will  be  then  L  = 
lu  +  dL. 

fA  is  the  increase  in  B.  A.  (in  arc)  for  the  time  of  ohaeTva^YOii  a\.>^«T«Q^a^^^'^«KA« 
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AsBuming*  L'  =  —  Ih.  34m.  Os.  -0  ftma  Paris,  aBki  oomputiiig  the  ^nluer  of  ihe  geocen- 
tric radius  of  the  moon,  by  ihe  preceding  method  the  following  table  is  formed:— 


Place. 


Scharadia 
Dorpat 
(Drucow 
Greenwich 


Mean  Time 

at 
Berlin. 


nibscrretl  R.A. 
of 


h.  m.  s. 
8  25  17-31>- 

r21  3»'4S 

8  49  29-9S 

10   11   45-25 


198  26  37-35 
lff9-  29  14«95 
1»  88  SO-fW 

199  ir  35-10 


+  14.  54M6 
14  54-50 
14  54^6 

+  14  54-34 


R..  A.  of  BiooxiU.  Centre. 

Proio  tfio- 
Observed.  Berlin 

Epdiemeri^ 


198  41  SI -84 

198  4»    »<e» 
106  5S  H^ 

199  32  29-44 


198  41  53-37 

IBB  5%  Ui^ 

198  32  31-68 


d.-46  dJL. 


«A»  as— 21-78 
=  —9-41   I 
zs>-.  0-01 
=  —  2-24 


Cracow       =:. 
Greenwich  = 


=  — 45-9 

=  —  411 


0-4.744 

The  Mean  is 


=:  41-1. 


=  —  1  34  44-0. 


M.  Struve  then  proceeds  to  investigate  thediflferences  of  determinations  of  longi- 
tude by  the  moon's  1  L.,  and-moon's  2  L.,  and  finds  it  necessary,  in  order  to  reconcile 
the  observations  made  at  twelve  stations,  to  increase  determiiiatlomEr  of  Ibngi- 
tude  by  the  moon's  1  L.  7s. -2,  and  to  diminish  those  of  the  mooa'B-2  L.  bytiie  file 
quantil^. 

The  follbwing  additional  examples  of 'the.  determination  of  Ibngitucferby  moon  ed- 
minators  are  extracted-  from  RumKerfs.  "  Langcn  Bestimmung  durcH-  den  Mondj" 
Hamburg,  1849. 

The  longitude  of  Hamburg,  in  three  examples,  being  supposed'to  Bo  welllnrown,  let 
p  be  the  sidereal  time  of  the  earlier,  and  ir  that  of  the  later  culmination ;  f-the  mean  time 
of  the  earlier  culmination,  and  t  that  of  the  later,  deduced  from  the  known  longitude. 
Then  for  these  times  the  moon's  right  ascensions,  declinations,  and  semi-diameters  (vix. 
a  and  o,  d  and  5,  r  and  p  respectively),  are  to  be  interpolated  from  the  ephemeris.  There 
will  thus  be  obtained  from  the  ephemeris  the  differences  of  the  moon's  right  ascension 

a  —  flPj  and  there  will  be  deduced  from  the  observations  t3ie  difbronoB'.  ir jp  + 

(p  sec  5  —  r  sec  d)  =  A,  the  upjyer  sign  applying  to  the  Jlrstj  and  the  lower  to  the 
second  limb  of  the  moon.     Hence  there  will  be  this  proportion*^ 


The  three  observatories*  give  an  error  of  the  ephemeris  vtny  accordant ;  the  mean 
is  rf  A  =  —  0"-88,  with  /x  =  0"-4744.  j 

—  21-73 +  0-88      —  20"-85  ... 

dL=^-  —     -^ z=. z =.--44»0sec.  ' 

0-4744  0-4744  I 

h.  m.  8.  I 

or  the  longitude  of  Sohurscha  =r  —  1  34  44*0  from  Paris. 

The  comparison  witHthe  individual,  observatories  giye*— 

2l"-32  ■•  h.  m.  e. 

^ith  Dorpat  J  L=  -^^^^^    —  —  44*9  longitude  —  1  34  44-9.  ; 

—  21-72 
0-4744 

—  19-49 
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a  —  a:A  =  T— <:A.  —  L; 

consequently  (A  —  (a  —  a)   ^^         ^  =  c,  the  correctionr  <rfth»  assnmed  longitude. 

The  westerly  place  in  these  examples  being2.the  £u:st^  the  sign  of'<;  is  to  be  changed. 

The  observations  at  Port  Stephens  were  made  by  Captain  King,  R.N.,  and  have  been 
published  in  the  monthly  notices  of  tho  Royal  Astionoinical  Society ;  those  at  Hamburg, 
by  M.  £umk(^,  are  given  in  the  twenty-seoond  yolume  of  the  "  Astronomische 
Nachrichten." 

ia*3i. ApriH  J^.  Hamburg,  East.  April  13^.  Port.  Stephens,  West. 

h.    m.  s.  h.    m.  8. 

Moon's  IE.      .     11  43  39-797        I        t?  Virginis       .     .     12  12  21-38 
ifVirginis    .     .     12  11  56-612        |        Moon's  1  L.  .     .     12  19  12-16 

Then  reducing  the  sidereal  clock  times  of  the  star's  passage  to  one  standard,  as 
Hamburg,  we  have  the  right  ascension  of  the  moon's  1 L.  at  Port  Stephens,  12h.  18m. 
468-392. 


h.    m.    8. 
Moon's  1  L.  p  .     .     .     .     11  43  39-797 
&id«.tim6.at  meaa.noan\ .      L  20    2*4^5 


101  28  37-342' 
ASeceknttion .     ....     ~   1  42'WS' 


Mean  Hamburg  time   .    .  10  21.  65-177 
Long.  L.    .....    .        39  64-OOC 

MeaiLGreeiLwiohtima  L  ,     ^4^    1*77  > 
April  12.  I 


h.    m.  8. 
Moon's  1  L.  IT .    .     .     .     12  18  46-392 
Sid.  time. alimeBXLXUNfu..     L  22.  26-662 


10'  56  20^30 
AcotlferadoH      ....      -.  r  4r.4fi8 


Mean  time  at  Port  Stephen  10  54  33*204 

\ 10  8  rooo 

Mean  GcreansRifilL  time  r..      0  46  3^*20' 
April  13.     • 


The  rigfet  asceireimwof  thrmoon'fe  liinb*  accurately-  intefprfkttwF  froan^  tfiu'  iLoviiy 
ephemeris  in  the  "If autical  Almanac"  are-  — 

h.    m«  8.. 

IT  44  4ri'369'=a- 
And"        1^  1^  54^184'6  =  a 


35    7r-04!7r  ==:*—« 
2107^«4n=s 


Thtt  moon's  aemi-diameteraaceurately  interpolated  are, jrespectiyery,r  =  16'  39'"414, 
p  =  16'  4r-8745.    Thedeclinations-are  xsefpeotiwlj:  <f  =.3'"4r*5'^  5  =  T  3r'34*'-6; 

Log!.  r=:9e9*«l«s=.2-909746>li;  fv=:  yMn^A&iloff:  8*60081.38: 

Leg  see.  a:=r2r  47'  6"  =  (H)3W«fi  S  =:7^  37?  34^'»fi.logi.aBC.  0fa0fl«685 

3r0dQ69a6>  ^OSMZiS 


r  see,  J  =  100t"-5986i  a  aac.  S=  1010'"-815 

r  sec  «?  =  1001-5985 
psec5.=  1010-8150 

W  -       15      "■   ^  "  ° 
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T  8.  12     18    46  392 
^  =  11     43    39-797 

IT  -/)  =  35      6-695  =  2106-6960 

A  =  2107-2094 
o  —  a  =  21070477  Ar.  co.  log  =  6-676326 

A  —  (o  —  a)  =   +  01617  log  s=  9-808791 

T  —  <  =  16  4*26027  =  64266-027  log  =  4-734520 

log  =  0-619637 


8. 

Coirection  =  —  4-165 
A  =  10  8  7000 


Sine  longitude  =  10  8  2*835 

Meridian  or  Mwral  C»lvcle.^The  north  polar  distance  of  tn  object  is  determined 
by  means  of  the  meridian  or  mural  circle.  Previous  to  the  introduction  of  the  circle, 
the  astronomical  quadrant  was  used  for  this  purpose ;  but  it  was  discoTered,  about  the 
beginning  of  the  present  century,  that  its  results  had  been  in  a  great  measore  vitiated 
by  the  expansion  of  the  instrument,  and  consequent  change  of  figure.  The  late  Astzo- 
nomer  Royal  (Mr.  Pond),  by  aid  of  a  circle  only  two  feet  in  diameter,  was  enabled  to 
detect  and  point  out  the  errors  of  the  Greenwich  quadrant  by  a  direct  comparison  of 
the  results  of  the  two  instruments.  Since  that  time  circular  instrumente  have  been 
very  generally  employed.  The  improved  method  of  graduation,  first  introduced  by 
Troughton  in  1806,  and  the  previous  invention  of  the  micrometer-microecope  l^ 
Ramsden,  have  allowed  artists  to  give  to  this  instrument  the  greatest  degree  of  per- 
fection. The  first  large  instrument  of  this  class  appears  to  have  been  the  Greenwidk 
mural  circle,  which  was  completed  by  Troughton  in  1811,  and  which,  in  sereral  details, 
may  almost  be  considered  as  a  new  instrument  Some  years  previously,  the  celebrated 
Bamsden  made  a  circle  of  five  feet  in  diameter,  with  which  Piazzi  framed  his  grest 
catalogue.  The  idea,  however,  is  an  old  one,  as  Boemer,  although  better  known  as  the 
inventor  of  the  transit  instrument,  used  a  meridian  circle  for  several  years  similar  in 
construction  to  the  modem  form.  In  his  letter  to  Leibnitz,  December  15,  1700,  he 
mentions  that  he  preferred  an  entire  circle  of  four  feet  in  diameter  to  a  quadrant  of  dght 
feet  radius.  Of  his  observations  with  the  meridian  circle,  extending  from  December 
1704  to  December  1710,  only  three  days  remain,  the  others  having  been  destroyed 
by  the  fire  which  occurred  at  Ha£[iia,  October  2,  1728.  These  three  days'  observatioos, 
from  October  20  to  October  23,  1706,  have  been  carefully  reduced  by  Dr.  Galle,  and 
contained  in  his  "  Inaugural  Dissertation,''  printed  at  Berlin  in  1845.  The  «iinTnfty  ol 
this  meridian  circle  and  the  length  of  the  axis  was  five  feet  and  a  quarter  ;  the  leng& 
of  the  telescope  fixed  to  the  axis  was  five  feet.  The  circle  was  ''read  off"  by  two 
microscopes  placed  at  an  interval  of  10°. 

The  mural  circle  consists  of  the  graduated  circle  (Fig.  196)  fixed  in  the  meridian,  and 
supported  by  a  long  axis,  on  which  it  revolves.  This  axis  passes  fiiroogh  a  blodc  of 
stone  or  solid  masonry,  the  weight  of  the  instrument  being  ti^en  off  the  pivots  hy 
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of  counterpoises  placed  at  the  back  of  the  pier.    The  circle  is  generally  graduated  on  its 
rim  from  0"*  to  360%  and  also  into  smaller  subdiyisions  of  5'  of  arc. 

The  instrument  is  furnished  with  a  telescope,  B  B,  firmly  fixed  to  the  axis,  and  per- 
pendicular to  its  plane,  with  which  it  reyolyes.  The  diyisions  are  read  by  micrometer- 
microscopes,  F,  generally  six  in  number  placed  at  equal  distances  around  its  circum- 
ference, their  object  being  to  eliminate,  by  readings  of  opposite  diameters,  errors 


h'ig.  lie, 

ariBing  from  eccentricity,  flexure  of  the  axis,  and  expansion.  The  size  of  the  instru- 
BMnt  at  the  principal  obseryatories  yaries  from  four  to  eight  feet  in  diameter.  The 
Greenwich  circles  were  six  feet ;  that  at  Cambridge  is  of  eight  feet  in  diameter.  The 
number  of  microscopes  made  use  of  at  Oxford  and  Edinburgh  is  four ;  at  Greenwich 
and  Cambridge  six  are  constantly  read  off.  It  was  formerly  thought  necessary  to  haye 
two  instnunenti  at  Greenwich  for  determining  a  star's  place,  namely,  a  transit  instru- 
ment and  Troughton's  mural  circle ;  but  a  larger  transit  circle  has  been  constructed 
ioft  the  Obseryatory,  under  the  direction  of  the  present  Astronomer  Boyal,  which  has 
been  in  use  since  1851.  The  telescope  of  this  instrument  has  an  aperture  of  eight 
indhes,  and  a  focal  length  of  eleyen  feet  and  a  half,  a  length  of  axis  between  the  ex- 
tremitiefl  of  the  piyots  of  six  feet,  the  diameter  of  each  piyot  being  six  inches.  The 
oirole  is  six  feet  in  diameter  and  of  cast  iron. 


\ 
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ADJUSTMENTS  OP  THB  CI&CLE. 


The  tooB  of  tlie  circle  ia  made  liorizontal  by  the  aid  of  a  plumb-line 
firont  of  the  circle,  and  viewed  bj  two  microacopes — one  near  tbe  top,  the  otliernear  the 
bottom  of  the  circle;  or,  aa  this  inatrament  is  supposed  to  be  uaedin  ccmjimetioir'vith  t 
transit  instrument,  the  axis  may  be  made  horizontal  by  moiing  the  adjoating  krv, 
so  as  to  make  a.  zenith  star  pass  the  middle  wire  at  the  Instant  the  .vtax  h  puBng  the 
middle  wire  of  the  transit  instrument. 

The  adjustments  of  the  meridional  position  of  the  mural  circle  are  made  by  tlie 
observations  of  certain  stars  in  conjunction  with  the  transit  instrument.  The  reading 
microscopes  should  accurataly  dMcribe  SCMT,  or  fiyexeTolalions  between  each  graduated 
space  on  the  limb  of  the  circle.  This  can  be  appmiiMted  to  by  proper  adjusting 
screws,  which  regulate  thacHstance  otlhrnmaamaBopeiroailSb^mk;  but,  notiritbghiTidnig 
the  accuracy  with  which  the  aiywatment"  may  hcauide,  it  is  found  that  nneqiul 
temperature  will  alter  these  numbers  considerably.  The  error  arising  from  tlus 
circumstance  is  called  the  -^.correctien  for  runs.*'  Itir  Ae  practice  in  obseryatories 
to  determine  the  amoni  -Of  IfaLs  fontity  fre^amtfy— whieh  applies  to  a  microscope 
reading  of  5' — and  to  form  eomctioBs .  frofortimmi  for  othv  circle  jsadings.  The 
following  iaaa  example  (Cao^ri^  Ohaentttaotf ,  Miy;<;i834>: — 


\    -A    \    B 

C    [ 

D    1  JX 

,.    ^ 

Negative  aide  .    23-^ 
Pomtive.    .    ,|  ■251 

W7 
IM 

,5W 

27-3    Sowof 
461   Exowss. 

1+l-« 

+  0-7fhll 

+  1-8 

+.11 

-a -2!  +5"-3 

The  telescope  is  furnished  vith  a  system  of  Tertiwil  wires  similar  to  the  transit 
instrument,  and  a  fixed  horizontal  -mm  plftead  at  right  angles,  to  the  others.  This 
wire  is  generally  adjaatod  ao  that  an  equatorial  star  will  aaafinue  bisected  during  its 
transit ;  but  it  is  somethiBi  Asft  vith  a  small  indinatian  wKh  can  be  easily  obserred 
by  comparison  with  the  laoveafaia  horizontal  wire.  8eperal-«tars  being  bisected  at  the 
first  and  seventh  vertical  -wires,  the  effect  of  inclination  can  be  readily  determined  for 
the  whole  by  comparison  with  the  micrometer  of  the  moveable  horizontal  wire.  To 
determine  the  value  of  one  revolution  of  this  micrometer,  any  distinct  terreatrial  object 
may  be  bisected  at  one  position  of  the  micrometer,  and  the  cirole  earefuUy  '''read  o£'' 
The  same  mark  is  again  to  be  bisected  at  another  position  of  the  micrometer,  and  die 
circle  is  again  to  be  "  read  off."  When  the  two  circle  readings  have  been  properly 
reduced,  and  the  rans  of  the  microscope  having  been  applied,  their  diiSenme  will  be 
a  value  of  cirole  reading  is  minutes  and  seconds  eqaai  to  a  certain  number  of  le^utiiM 
of  the  micrometer.  This  operation  being  repeated  at  different  macromxeter  anuitiD^A 
current  value  of  one  revolution  of  the  teleaoope  mionaneter  can  he  obtained.  The  moie 
distant  and  distinct  the  terrestrial  object  selected  is  the  better. 

A  very  oonvenient  transit  circle  has  been  erected  for  the  Ofaflerratoiy  at  OaaLfarid|^ 
Massachusetts,  of  which  the  accompanying  engraving  is  a  z^ireeeBtation.  With  tUi 
instrument  one  obaenrer  can,  at  the  same  time,  determine  the  right  aaDCDsian  mA 
dcclinatioxi  of  a'star  witii  great  precision.  The  telesoope  T  (Hg.  197),  has  an  objeotr 
glass  of  four  and  one-aighth  inches  of  an  aperture,  and  «f  four  feet  iooaLlangth.  1!lie 
length  of  the  axes  ^between  the  shoulders  of  the  ^vots  is  nmety-six  incdieB ;  the  fMB 
arc  of  steel,  and  two  and  a  half  inches  ia  diameter  and  the  same  in  length.  The  eye- 
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picee  10  pi^vided  witlb  two  nuoramctfiiQf  (me  li^yiug  n  ¥£i3tieal,  and  ibe  Qtb,er  a  Itaji- 


the  lUBual  mode  of  iiluczimat- 
iag  ^e  &3ld  thiKiui^i  U^ wi^ 
thsTt  9xe  aUo  ^iciKties  for 
iliuminsttrng  tbe  ciroiis  ia  a 

.'four  feet  10  dknLtttT)  ooildiatft 
iaituke  pkce,  jmd  batk  cindbd 

.0'  to  dm\  idirddeil  iaitd  ^?« 
jatotite   Qp]X»f!S.     TheEo  >ire 

inicrosoopcs  fittvdbed  ko  the 

saeh  om:}«.  .Evmr  ««f  th^e 
^wie  «a£n  si  A.  B  C  Mt  tihia 
oLbo-  fpuf  bcfang  £izL4iw  iippa^ 
site  side  of  tlie  pior.  Tlicss^ 
micTOmetcra  "bisect  diaiuetri* 
colly  both  pieri.  The  arm  E^ 
attached  to  the  pier,  si^>pDria 
an  additional  micio^opt*, 
which  serves  as  a  pointer  to 
indicate  approximately  the 
degrees  and  minutoa.  For 
leveling  the  axis  a  striding 
leyel  ib  emplojed,  and  this, 
combined  isilh  a  method  of 
reflectii^  froBi  quickaUTer  at 
the  nadir  point,  afford  a  ^eans 
of  ascertaining  tlto  omouirt 
of  cplliinatitm  of  Ike  middhi 
.wiro  wjtlu>»t  j-frveraal  of  the 
pivots.  There  is,  bowevttr,  an  apparatus  far  reTerslng  the  inetrument  when  required* 
Xke  olgact-glaaB  of  ihiat^irele  k  by  Sterz  of  Miinich,  the  fitting  by  Simms  of  London, 

The  mQ<le  of  ohBervatbii  t\  ith  the  mnral  circle  U  aa  folio i^'a  ;— Tiie  telescope  having 
bani  set  appraxiBaately  to  the  cuhniiittliijg  star,  the  obsciTcr  bisects  the  object  by  the 
moveable  horizontal  wire  as  it  passes  the  meridional  vertiLid  fibr(?.  He  then  "  reads 
off"  the  poiiJte  and  -l&e  di  mkrosoopts^  as  well  ajt  the  teleecope  micronictcrj  by  a  com- 
bination of  which  a  conclnded  circle  reading  may  be  obtained-  It  may  be  necessary  to 
jnendon  that  the  inatrumcnt  ia  furnished  with  a  clamp  and  a  alow  motion  ^rew^  by 
which  the  horbsonlal  wire,  niay  be  brought  on  the  starj  afttr  the  telescope  has  been 
approximately  directed  to  it*  If,  by  iiind?ertencG  or  other  causes,  the  object  is  not 
obserred  at  the  meriditja  wiit,  it  wiU  irvYolvo  a  **  conecticn  for  curvature,"  wMch 
LB  thus  investigated  :^ 

For  the  purpoao  of  recording  the  position  of  every  star  withia  ran^e  b^  tttt^xa  ^1 
elaetrs^ffilvflniam,  the  telescope  id  firmly  ckKjped  to  temam  \u  \U  ^^iQ%V^\ts^^  -v^^fc  ^^ 
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MODE  OF  U8IMO  THE  CIRCLE. 


Fig.  198. 


obserrer,  sitting  with  his  eje  at  the  telefloope,  has  but  to  press  his  finger  upon 

at  the  instant  a  star  is  seen  to  past  tha 
which  for  this  purpose  are  divided  ini 
systems.  Those  for  right  ascension  are  1 
five  in  number,  divided  into  gronpa  c 
each,  the  intervals  between  the  wires 
from  two  or  three  seconds.  Tho  wir 
difference  of  declination  are  also  thirt 
and  arranged  in  similar  groups.  In  or 
prevent  confusion  between  obeerratio. 
right  ascension  and  declination,  the  rule 
observe  for  right  ascension  on  one  set  of 
first,  and  denote  the  magnitude  of  the  s 
telegraphic  symbol ;  and  afterwards  to  o 
for  declination  on  the  inclined  wires. 

"When  an  object  is  observed  by  the 
circle  off  the  meridian,  the  north  pola 
tance  found  from  the  circle  reading  is  the  N.  P.  distance  of  a  point  of  the  mei 
which  is  intersected  by  a  great  circle  passing  through 
the  place  of  the  object  at  the  time  of  observation.     If 
the  object  moved  in  a  great  circle,  this  would  be  its 
north  polar  distance  when  on  the  meridian ;  but  as  it 
moves  in  a  parallel  to  the  equator,  a  correction  is 
required,  which,  as  it  is  evident,  will  be  positive  for 
stars  north  of  the  equator,  and  negative  for  those  south 
of  it.    It  is  thus  computed : — 

Let  P  be  the  pole ;  S  the  place  of  the  object ;  8  = 
its  north  polar  distance ;  a = its  distance  from  the  meri- 
dian ;  8  —  «  =  the  observed  N.  P.  D. ;  then  we  have 

cos  8  =  cos  a  cos  (8 — x)  =:  (1  —  2  sin*  }  a)  (cos  8  cos  «  +  sin  8  sin  9) 

cos  8  =  (1  —  2  sin*  Ja)  (cos  8  X  sin  8  X  a;  sin  1") 

" '_^'_       =  cos  8  -f  sin  8  X  af  sin  1"  —  2  sin*  i  a  cos  8 

—  2  sin  8  sin'  i  a  X  xwn'. 
If  a  be  small,  the  last  term  will  yanlsfc 
by  making 
sin  ^  a  =  i  a  sin  1",  we  have  2  sin'  }  s 

I  a*  sin'  1" 
.*.  sin  8  X  ar  sin  1"  =  cos  8  X  J  a'  sin' 
^  ^  sin  1"   , 

X  =  cot  8,  — ;r O*. 


Fig.  199. 


nar.  T(S, 


The  distance  between  the  wires  is 
posed  to  be  20s.  =  one  interval ;  and  if 
the  number  of  intervals,  a  ==  n  X  20; 

/.  a^zzzn^  X  400,  consequently  s  =  CO 
sin  1"  X  400    - 

2 "• 

X  ■=.  lw\  declination  X  (pin  1"  X  200) 
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In  the  case  of  a  star  near  the  pole,  the  following  ia  the  inyestigation  for  carrature 

ofpath  (Fig.  200)  to- 
Let  Z  S'  =  Z  =  the  obserred  zenith  distance;  Z  S  ~  s  =  zenith  distance  on 

meridian;  Z  P  S  =  j^  the  difference  between  the  star^a  R.  A.  and  the  sidereal  time 

of  obserration ;  d  =  stars  declination ;  L  >b  the  latitude  of  the  place  of  observation. 

Then  in  the  triangle  Z  S'  P,  we  haye 

cos  s  =  sin  L  sin  a  4"  cos  L  cos  ef  coa  p 

=  sin  L  sin  ef  +  cos  L  cos  rf  (1  — "^' 

But         cos  Z  —  *  =  sin  L  sin  rf  +  cos  L  cos  rf ;  or,  since  « is  small, 

cos  Z  -t-  sin  Z  X  a;  =  sin  L  sin  ef  +  G06  L  cos  (? 

Therefore  jp  sin  Z  =  cos  L  cos  (^  X  ^ 

2 

sin  Z  X  «  sin  1"  =  cos  Lcos  d  X  ^1^)'  gin'  1" 

2 

cos  L  cos  <7   .   ^         ,         ,       ,  ^  »,«^»,« 

/.  x"  = : — » —  p^  X  number  whose  log  =  6-73673. 

sin  It  ^ 

or  Log  «"  =  log  cos  L  +  log  cos  d  —  log  sin  Z  +  6*73673  +  2  log/> 

:=  Log  cos  L  +  log  cos  rf+  ar.  co.  log  sin  Z  +  6*73673  +  2  logi) 

For  the  purpose  of  obtaining  a  zero  point  of  the  mural  circle,  we  make  use  of  two 
different  methods,  of  which  the  first  consists  in  the  observations  of  stars  bj  reflection 
from  a  surface  of  mercurj.  The  mode  of  operating  is  as  follows :  Point  the  telescope  to 
any  known  star  when  it  crosses  the  meridian,  and  record  the  reading  of  the  circle ;  on 
the  next  night  observe  the  same  star  as  it  crosses  the  meridian,  by  pointing  the  telescope 
upon  the  image  of  the  star  reflected  from  the  surface  of  the  mercurj.  As  the  surface 
of  a  fluid  at  rest  must  be  horizontal,  and  as  the  angle  of  reflection  is  equal  to  the  angle 
of  incidence,  this  image  will  be  just  as  much  depressed  below  the  horizon  as  the  star 
itself  is  above  it.  The  arc  intercepted  on  the  limb  of  the  circle  between  the  star  and 
its  reflected  image  is  the  double  altitude  of  the  star,  and  its  middle  point  is  the  hori- 
zontal point  of  the  circle,  allowing  for  the  difference  of  refraction  at  the  moment  of 
observation.  It  is  evident  that  the  image  of  a  star  seen  by  reflection  will  be  as  much 
depressed  below  the  horizon,  as  the  object  is  really  above  it;  and  by  combining  the  two 
readings  of  the  circle  for  the  same  star  observed  by  reflection  and  direct  vision,  the  hori- 
zontal point  of  the  instrument  may  be  readily  determined.  This  method  of  obtaining 
a  reflection  and  direct  observation  of  a  star  at  the  same  transit  is  daily  practised 
at  our  principal  observatories. 

The  second  method  is  by  the  use  of  a  Bohnenberger's  eye  piece  previously  explained. 
By  causing  the  two  images  of  the  wire  of  the  declination  micrometer  to  coincide,  and 
noting  its  readings,  the  nadiVf  and  consequently  the  unithy  points  of  the  circle  may  be 
determined  by  directing  the  telescope  vertically  downward  upon  a  basin  of  mercury, 
the  reflected  image  of  the  horizontal  wire  made  to  coincide  with  its  direct  image. 

I  The  telescope  is  directed  towards  the  nadirf  which  is  distant  90°  from  the  horizontal 
point,  or  180°  from  the  zenith  point.    As  this  observation  can  be  made  at  any  time, 
independently  of  the  weather,  it  is  a  most  valuable  method,  and  in  many  observatories 
is  the  one  exclusively  employed.      The  horizontal  point  determined  by  direct  and  \ 
reflected  observations  should  differ  exactly  90°  from  the  zeidtJa.  "^mX,  «a  i&\.etv££c^^  \ 
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^['••■v— 

A- 

At 

^ 

71 
li 

>— ss«^ 

1- 

~) 


the  coUunatiBg  eyewpieee.    This  eye»pRo«y &sl  siigf etted.liT'  IJohTgnbcwpg,  cauiiU  I 

of  an  ordinaiy  e]r«-fiete-xrUfll(«a 
tpert»ie-A.(Figu2W)r^ciituiit8  | 
side^.  and  a  plane  petf orated' sfe-  i 
culum  BBinaerted  betTw^eiitka  j 
two  lemsM  at  an  aa^  ol  45r  j 
with  the  optical  axis  having  a  | 
lamp  held  so  as  to  throw  a  strong  : 
light  on.  the  speculum.     The  re-  , 
fleeted  images  of  the  wires  may  ' 
be  seen  with  gruat  distinctness,  j 
Instead  of  a  perforated  opaqae  | 
speeulum,  a  piece  of  plane  gitss 
with  parallel  faces,  and  without 
any    perfbration,  is     sometimes 

used.     The  observer  looks  through  the  plane  glass  without  difficulty,  while  sufficient 

light  is  reflected  from  the-  lower  surfaee  to  render  the  lines  visible.      If  the  axis  i 

of  the  telescoj)©  be  not  horizontal,  half  the  distance  between  the  middle  wire  and  ; 

its  image,   corrected  for  error  of  level,  will    give  the  error  of  collunation  of  the  i 

middle  wire. 

The  tables  of  refraction  made  use  of  at  the  Eoyal  Observatory,  Greenwich,  are  those 

o£  Bessel,  modified  and  expanded  from  the  '^Tabulsai  Kegiomontanfle."     A  numerical 

example  of  their  implication  is  given  further  on. 

ExamplaKkf  <i.ZM»Uh j^oini  deteinunation  from  the.  Greenwich  Qiaervaioryy.  1849: — 


Fiff.  20i- 


April's' 


April  3 
3. 
5 
5' 


Staf. 


B.A.C.  -96^3 
9^0t8i»/Mdgoia« 


Pollux 

26Lynei& 

Kegulus. 

9  Cancer  in  Ta 


Conoluded  CircLa 

Readbig. 

(HfefieedCQB.) 


Conclmded  Clrclt 
Reading. 
(Direeia) 


B.-|^I> 
8670  5r 


North  ParaL. 


806  23    2<49 
29S  3S    2^60 


61  42'38N58 
6B  32  33  53= 
87    9  17  96:* 


4lir 
39l3r 
42 «7 


a(yi22.-37 


Soaeh  Fflsal. 


250  27  39  07 
270*  1-15-66 
234  4e  57  72 
263  46^  41-08 


116  37  5a  IP 

97    4  24  29 

132  18  41  52 

103  19    0-48 


4%7ft- 

3ai7 

3995 
39' 24 


39tf3' 


1«»K?* 


2 


T8r'32r 
HbrizontarlPaiirt-rs-  Meaw   50^-14 
ov  2enitfa)  F:;>ial;  as  96'  aOT  ^'\i 


I- 


The  adopted  ZemiV  l^olnt  is  93"*  32'  49r''89 
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The-  annexed  pnnUd  fbnn  will  ^low  fully  tbfi  method. o£  reducing  olMKffTatioiS'  of 
zBnith  disttooe.  II  is  arranged  for  tlua  reduotu»L  of  the.  zenith  distenee  obseirations 
with  the  transit  circle,  which  differs  from  the  above  specisiena  principally  in  the 
yaluatioa-of  the  Duerometor-miccoseopes.  The  manner  in  wiiioisi  Ihe  reyelutions  and 
parts  of  revolutions  of  the  microscope-micrometer  are  converted  into  arc  are  explained 
as  follows  in  the  Greenwich  Observations,  1862,  page  iv.: — 

"I  must  premise  that,  as  one  revolution  of  each  microscope-micrometer  does  not 
differ  extravagantly  from  1'  on  the  limb  of  the  circle,  we  may  consider  each  revolution 
as  a  nominal  minute.  Next,  supposing  the  number  of  integral  revolutions,  as  shown  by 
each  microscope  to  be  the  same  for  all,  we  ought,  in  order  to  obtain  the  mean  of  the 
fractions  of  a  revolution,  to  add  together  the  subdivisions  as  shown  by  the  different 
micrometer-heads,  and  divide  the  sum  by  6.  Thirdly,  as  the  subdivisions  are  in  the 
decimal  scale,  we  should  then-  multiply  this  mean  by  60  to  rodaoe  it  to-  seconds.     It 


Zenith  Faint  of  Transit  Circle  for  1849. 


Day  aad. 
Kour. 

Ot^ct. 

Circle  Readings 
Direct. 

Circle  Beading. 
Keflection. 

Sum  of 
Seconds 
&Mean. 

Half  of 
Mean 
Sum. 

Adoption  of ' 
Zenith  Point. 

North  Paral. 

Oct.  14    8 

a  Cephii 

340  22   1510   190  20'  11  35 

2645 

iS  I 

B.A.C.  7851 

325  68   47-99   213  43  40  48 

28-47 

17   8 

a  Cephii 

349  22   12  87 

190  20  11-86 

2473 

17   8 

fi  Cephii 

341  25   18  16 

198  17     8-48 

26  63 

4)2628 

26-57 

13-29 

X  4    13  16 

Nadir.. 

Oct.  12  23 

WireR. 

179  51  1408 

13   8 

f> 

14-51 

1322 

w 

1409 

14   8 

>y 

1412 

1422 

» 

1318 

16   6 

>? 

1372 

16  22 

it 

1470 

16   6 

16  22 

17  6 

17  22 

18  7 

it 
fy 
yy 

14  56 
1432 
13  43 
1376 
1445 

X 

4  .  . 

12)  48-92 

17^51   14  08 

16-32 

Soutii  Paral. 

Oct.  16  8 

I  Pegasi 

26  41   52  07,  163    0  38-51 

3058 

1712 

a  Trianguli 

22  28   1716   157  14  15  10 

3275 

333 

3167 

16-84 

X  2     11-68 
10)  4116 

179  51  14-12 

or  Z  P  correction 


^'«a''$5$> 
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RUNS  OF  THB  MICROMbYeBS. 


is  evident  thus  that  the  number  of  nominal  seconds  to  be  attached  to  the  nominal  minute 
will  be  found  by  simply  adding  together  the  subdiyisions  on  the  micrometer-heads,  and 
shifting  the  decimal  point. 

**  The  following  were  found  by  trial  to  be  the  rmu  of  the  six  microecopea : — 

'^NVMBUL  OF  HEYOLUTIONS   COBBESPONSINO  TO   6'   FOB  MXCBOSCOPBS. 


Means.. 

A 

B 

C 

J) 

£ 

F 

r 
4-912 

r 
4-882 

r 
4-882 

r 
4-879 

r 
4-886 

r 
4-878 

<*  The  results  given  above  show  that  the  screws  of  the  micrometers  are  so  sensibly 
equal  that,  in  the  reduction  of  the  observations,  it  is  sufficient  to  take  the  mean  of  the 
six  readings,  and  to  apply  to  it  the  mean  correction  for  runs.  To  do  this,  the  foUowing 
process  is  employed : — The  sum  of  the  runs  for  the  six  microscopes  aboye  given  U 
29r'320.    Now,  if  the  correction  by  which  each  revolution  of  a  micrometer  may  be 

converted  into  a  minute  of  arc  were  exactly  ^  part  of  the  reading,  then  the  sum  of 


L 


Example  of  Vt$  Reductim  of  an  Observatum  with  the  Mural  (Xrele, 


1848.  Dec.  21. 


Mic. 


A 
B 
C 
D 
£ 
F 


Correction  for  Runs  —  9" 
for  an  arc  of  5'    ... 


Adopted  Zenith  Point      ... 

Apparent  Zenith  Distance 
Add  Kefraction      


Subtract  Parallax 

Add  Colatitude      

Geo.  N.  P.  D.  of  Centre   .., 


Uranus. 

o            »            " 

118    0 

3  37-7 

44-8 

65-8 

89-9 

42-3 

27-9 

258-4 

—0-2 

6)258-2 

118    a  43-03 

78  12  52-03 

44  50  51-00 

1     0-73 

44  51  61-73 

0-31 

44  51  61  42 

38  31  21-80 

83  23  13-22 


Concluded  Circle  Reading. 


TABLES  OF  8KVKJSTH  DI8TA^CS. 
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BOTAL  0B8SBTAT0BT,  OBXBMWICH. 

Obsenrations  of  Zenith  Distance  with  the  Transit  Circle  in  the  Tear  1861,  and  C  0E3pu< 
tations  of  Geocentric  North  Polar  Distance. 


Approximate  Solar  Time, 


Name  of  Object. 


Mode  of  Observation. 


No.  of  Yertieal  Wire 
which  Dbservation 
made 


Observer. 


Pointer 
Misrometer  reading  of  Mi- 
erosoopeA 
B 
C 
D 
£ 

r 

Unoorreeted  Mean  of  Mi. 

eroeoopes. 
First  part  of  Correction  for 

Bnns 
Second  Part,  +  0"-881  for 

100"         .  . 

Micrometer  reading,    and 

eqaivalents 


Correction  for  flexure  and 

errors  of  division 
Circle  reading   at   obser 

vation     . 
\jid  zenith  point  correction 
Apparent  zenith   distance 

south 
Add  refraction  (from  belo^r) 
True  zenith  distance  sonth 
Subtract  parallax  (from  op- 


Oct.  2^. 


Wire  (Nadir 
obs). 


A. 


H.B. 


179  40 


87 


0*652 
•637 
•712 
•414 
•49: 
•775 


179  40  86-87 


posite  page) 
Geocentric  Distance  firom 

astronomical  zenith 
Add  colatitude 
Observed  north  polar  dis. 

tance 
Star's  correction  with  sign 

changed  . 
Mean  N.P.D.  Jan.  1,    for 
stars 

/Barometer  and  B 
(Table  I.) 
Thermometer  and 
T.      (Table  II.) 
Z.    (Table  III. 
Proportional  ] 
partR        .    I 
t  (Table  IV., 
Sum  or  log.  Refraction  in 

seconds 
Refraction 


0^74 

•14 

21-428|  10  22-15 
12-44 
•24 

0-86 


179  51  13-44 
8  46-25 


24. 


C  Eridanl. 


60  25 


302 


6102 
5-046 
5-154 
4-823 
4-873 
5  168 


60  80V65 


004 

1^15 

20-92319  52-52 

27-26 

•09 

1-49 

60  40  80*20 
8  46-25 


From 

Apnon 

dix 

No.  1  to 

Oppen- ' 

wich 

Obae!- 

vations, 

1836. 


60  49  16-45 

1  45-87 

60  51    1-82 


88  81  21-80 


99  22  23  62 


•  Tanri. 


42  85 


141 


S-410 
2-885 
2-443 
2-146 
2*221 
2-498 


24. 


•  Eridani. 


610 


42  87  21-03 


2-82 

•58 

:2-846ll051  77 

27-88 

•15 

1-94 


42  48  4312 
8  46-25 


42  67  29-87 

64-94 

42  58  24-31 


88  81  21 •SO 


81    9  4611 


11-79 


99  22  85-41 


tn. 

80  80  I 


Interior  Thermometer. 


•03720 

48^-5      -04257 
11 -9^005 
•264 
•7 


202273 


105" -37 


247 


4196 
4137 
4-222 
3-940 
8-973 
4-252 


24. 


Pallas. 


74  80 


61    4   7-20 


4-94 

•94 

23-4251 11 21-40 
12-44 
•16 

1-52 


1-70 

•as 

24-780111 61-02 
81-68 

S-08 


61  15  48-59 
8  46*25 


61  15  48-59 

147-96 

61  24  34-84 


88  81  2  1-80 


99  57  44-60 


9-95 


81  29  56-06 


10-3720 


1-73990 


54"-94 


53-0 


11-38 


r. 

1^62 
•416 
•689 
•234 
•270 
•676 


74  81  25^25 


74  48  41-96 
8  46-26 


74  67  28  20 

8  86-64 

75  1    4-74 


4-97 
75  0  59-77 
88  31  21-57 


113  32  21*57 


99  57  55-98 


m. 

30  29 


-03706 


480-8    V04275 
1 1-95186 
•119 
•18 
•21 

2-03325 

107  "-96 


47^-8 


•08706 

-04319 

2-25086 

•341 

•23 

•80 

2-83565 


216" -64  I 


o2°-0 
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the  runa  would  be  —  +  30000,  or  2^4118. 


It  M  noC  Ukely  that  the  sum  of  the 


niDs  wi]l,  in  ordinary  cases,  amount  to  this  quantity ;  and  the  yuriflUe  cerreotioBy  aftei 
adding    r-  part  to  the  mean  of  the  readings  of  the  microscopes,  will  therefore  always 

OO  r, 

be  additive.  To  determine  this  quantity,  let  the  sun^  of  the  tubs,  be  29*412 — x. 
Then,  the  true  reading,  in  seconds  of  space,  corresponding  to  &  nominal  reading  of  /' 
(including  the  value  in  seconds  of  the  nominal  minutes),  wiU  be 

."  y  30-000 
*'         29-412  — a:. 

1 


Or, 


+  60  +  ^'03468  X  X 


a  quantity  which  ca»  easily  be  taken  from  the  ordinary  sK&g^rale 


Hence  the  correction,  after  adding  £-  part  of  the  mean  of  readings,  will  be  +  r  ar  X 

0^*03468.  For  the  purpose  of  calculating  this  quantity  easily,  by  the- ordinary  pror 
portioned  scale,  it  is  convenient,  in  the  first  place,  to  compute  its  value,  where  r  =  100'^ 
This  value,  which  is  evidently  +  3" -468  X  a:,  is  tabulated  for  different  values  of  x. 
Let  X  be  the  number  taken  from  this  table  ;  then,  for  any  actual  reading  r,  the  correc- 
tion will  be  ^; 

Pajrallaoi* — The  change  which  tales  place  in  the  position  of  a  heavenly  body  on 
account  of  its  having  been  observed  from  a  point  which  is  not  the  centre  of  metiani  is 
called  its  parallax.  All  the  heavenly  bodies  appear  to  move  in  the  concave  amrfaoe  of  a 
sphere  concentric  with  the  earth ;  hence  the  centre  of  the  earth  is  considered  to  b»tlu 
centre  of  motion.  "We  shall  now  inquire  into  the  change  which  would  take  place  in  the 
position  of  a  body  which  hae  been  observed  at  the  surface  of  the  earth,  and  itft  positiflB. 
as  seen  from  the  centre.  Or,  in  other  words,  to  find  the  eorrectioa.whieh.fhauld  be. 
applied  to  an  obecrvatien  made  at  the  earth's 
surface  to  reduce  it  to  what  it  would  he  if  made 
at  the  centre.  Let  C  (Fig.  202)  be  the  centre  of  the 
earth,  0  the  place  of  observation  on  its  surface,  Z 
the  geocentric  zenith,  S  the  object  observed,  then 
Z  0  S  is  the  observed  zenith  distance,  Z  C  S  the 
xenith  distance  as  seen  from  the  centre,  which  is 
called  the  true  zenith  distance,  because  astronomers 
reduce  all  their  observations  to  this  point  The 
difference  of  these  angles  is  the  parallax;  it  is, 
therefore,  the  angle  subtended  by  the  eartL's  semi- 
diameter  at  the  object  observed. 

Put  Z  C  S  the  true  zenith  distance  =  Z. 

Z  0  8  the  apparent  zenith  distance  =  Z'. 

C  0  the  earth's  semi-diameter  =  r. 

C  S  the  distance  of  the  object  from  the  earth's  centre  =  D. 

The  parallax  0  S  Cmj?. 
Then  Z  4-  p  =Z',  or  Z  =  Z*  — j?. 

This  shows  that  the  observed  zenith  distance  is  greater  than  the  true  zenith.  ^^raHm^ttt 
by  the  quantity  p.  Hence  the  true  zenith  distance  is  foimd  by  subtracting  the  parallax 
irvm  the  observed  zenith  distance. 


Fi».  ao»K 
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It  iA  evidetA  that  pAmUhiz  (*x«ft»  itsiaffuenoe^ia  a  TerMeali  pttme*  pasBio^  tittough 
the  object;  consequently  it  has  no  effect  on  the  right  ascension  of  an  object  when 
observed  on  the  meridian  ;  but  if  the  observation  be  made  on  either  side  of  the  merrfikn, 
the  right  ascension  will  be  affected  by  it,  as  it  raises  the  object  to  an  hour  circle  nearer  to 
the  meridian.  Hence,  if  the  object  lay  east  of  the  meridian,  .the  apparent  right  asocnsioa 
is  diminished,  but,  if  west,  it  is  increased  by  parallax.    Refraction  has  a  contrary  effect. 

New  we  have     ^ — «  —  .«.  sin*  »•=  ^  sin  Z*'=  -^  sin  (Z  +«r> .  .  .  (!>' 
Bin  p        r  D  D  \      •  -^/  n  ' 

The  equation  sin  ^  =.  ■=    sin.  Z',  gives  pzzzo  when  Z'  =  a,-  and  sin  /?  =  ^  when 

ZI!=r90P.  As  this  istthe  greatest  value«tfZV  j-  is^tlhegretttesti  value  of  bxi  p^ 

Therefore,  in  the  geocentric  zenith  the  parallax  is  nothing,  whereas  in  the  horizon 
it  is  the  greatest  posslblei  Put  jr  =  sinir,  then  ainj?  =  sin  rr  sin  Z'.  This  equation 
m&j  he.p^tkUttdez  tho  form. 

The  horizontal^  part^ax-  ir,.  err  niHkve  itte-  horizontal  e(jnatorial  pafallax  (for  the 
'  moon),  given  in  the  "Nautical  Almanac^*  is  the  angle  subtended  by  the  earth's  equato- 
'  rial  semi-diameter. 

!        Let  r'  be  the  semi-diameter  of  the  place  of  observttiai>.then  r'  sin  rr  will  be  the 
•  sine  of  the  horizontal  parallax  at  that  place,  and  We  ihall  half 


p  =z  r'  V 


(^){^,y^^ <^^' 


\  This  is  the  formula  giv«a  in  the  Introduction:  to^ the  Green wieLObtervations  for  com- 
puting the  moon^s'parairarwten.  observed  en  the  meridian. 
The  equation  sin'' _p  =  r*  sinir sin  Z  may  be  written 

y-'  »ia  If*'  '=s  r'  ir"  sin^  1"  Wn^'. 
Or,  y  =  r'  ir"  sin  Z'  .     .     .    .  (4) 

TtAs'  wiff  b^  su^Ebientflye^sac^  fdv  the  p&nelu.    In*  the  cue  oTt&e  nom^  E*o8ttn€lBkjtt 
will  be  necessary,  which  is  found  thus —  .^.^ 

«"S  sin''  l*** 
BMi.pf  ^"p"  fllK.1"  — ^ — 5 ntftrljf;,hea«fc 

^^  ,*^      P"^  sin^  1"       /._-.  -    ,«»       ir"3  8in3  1"\ 
jf^Bhi  I^— ^- — -~ sBrlifli*  SHI  1**- ^ -liin  2? 

boi  p''^  8ua>  ^'  3=.ir^'^  ain^.  It"  sia.^  Z.',  hyi  negkating  poweia  higher  than. the  third  ^  heateybj 
'  ssftbititutiDn^.. 

:  -"3  ginS  1" 

p"  sin  I"  =  ir"' sin- 1"  shi  2f'  —  -       ,-       (sin  Z' —  sbi»Z7 

I  =  ir^'  sin.  1"  sin-Z*  — ^ sia  Z'  cos*  Z'* 

CiHweqwentiy  thBeeHse«fcLwa.i8^— jr sin  Z' co«?  72L.    •    ,    .    VS^ 
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This  correction  is  applied  in  the  Greenwich  Lunar  Beductiona  from  1750  to  1830. 
Again,  since  sin  t  =  ^,  fur  any  other  distance  I)',,we  shall  haye  dn  r'  s=  j. ;  there- 

fore,  sin  »:  sin  »'  ^  :  -g-.or-j^  =^.; 

If  D*  be  expressed  in  parts  of  D  taken  as  unit,  we  haye  w'  =  ^,;  therefore,  if  v  be  the 

sun's  horizontal  parallax  at  the  mean  distance  from  the  earth,  and  D'  the  distance  of 
any  planet  from  the  centre  of  the  earth,  expressed  in  terms  of  the  sun's  mean  distance, 

the  planet's  horizontal  parallax  will  be  represented  by  t  Xfv  *^  for  a  planet  we  shall 
hare  ^' 

p  =  »  X  0  sin  Z'      ....    (6) 

It  is  by  this  method  the  parallax  of  the  planets  has  been  computed  in  the  Ghreenwich 
Planetary  Reductions  from  1750  to  1830. 

Equation  (1)  giyes  the  means  of  finding  the  parallax  when  the  true  zenith  distance 
is  giyen,  thus 

Bmp=zanTsbi(Z  •{■  p)=zBiaT  {nnZcoap '\' CfMZtmp)        \ 

tan  p  =  sin  T  sin  Z  -f  tan  p  cos  Z  sin  T 

.  sin  »  sin  Z 

tanpzn- : ^    ....      (7) 

^       1  —  smvcosZ  ^  ' 

And  by  the  usual  method  of  deyelopmenf , 

sin  y  sin  Z       sin'  it  sin  2  Z   ,    sin^  t  sin  3  Z    ^ 
^  =    .sml"       +         2  8ml-'     ^       Ssinl"^    •  *^-  ^^^ 

We  haye  seen  that  sin  t  =  •=r ;  hence,  if  D  be  very  great,  t  will  be  yery  smally  and, 

therefore,  bodies  at  an  extremely  great  distance,  compared  with  the  radius  of  the  earth, 
haye  no  sensible  parallax. 

Before  proceeding  any  further,  it  may  be  well  to  remark  that  the  value  of  sin;* 
depends  on  lines  drawn  from  the  centre  of  the  earth,  or  from  what  is  called  the 
geocentric  zenith,  which  differs  from  the  astronomical  zenith  for  this  reason: — All 
astronomical  instruments  used  for  determining  the  north  polar  distance  of  an  object 
depend  on  a  zenith  point,  or  something  equivalent  to  one,  and  this  is  nothing  more 
than  the  instrumental  reading  corresponding  to  a  yertical  position  of  the  telescope,  and 
is  determined  by  observing  the  same  star  by  direct  vision  and  by  reflection.  The 
zenith  point  is  therefore  the  reading  for  a  point  perpendicular  to  the  horizon,  or,  which 
is  the  same,  a  line  drawn  from  the  point  thus  determined  in  the  heavens  to  the  place  of 
observation,  is  a  normal  to  the  curve  by  which  the  earth  is  generated,  supposing  it  to 
be  a  surface  of  revolution.  The  earth  is  supposed  to  be  a  surface  of  reyolution,  generated 
by  an  ellipse  revolving  round  its  shorter  axis ;  the  ratio  of  the  axis  being  300  :  299. 
NoWf  it  IB  well  known  that  noTmols  to  an  ellipse  do  not  pass  through  its  centre,  henoe 
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the  lines  drawn  from  the  centre  of  the  earth  to  the  place  of  ohBerration,  which  deter- 

znines  the  geocentric  zenith,  will  make  a 
small  angle  with  the  normal  to  the  earth's 
surface  at  the  same  place,  which  determines 
the  astronomical  zenith,  and  this  angle  is 
called  the  angle  of  the  yertical.  The  geo- 
centric zenith  is  nearer  to  the  equator  than 
the  astronomical  zenith  by  the  value  of  this 
angle,  and  as  all  the  bodies  (some  comets 
excepted)  for  which  we  have  to  compute 
parallax  lie  to  the  south  of  the  zenith,  the 
angle  of  the  vertical  is  subtracted  from  the 
astronomical  zenith  distance,  in  order  to 
have  the  geocentric  zenith  distance.  This 
angle  is  easily  determined,  for  it  is  the 
difference  between  the  astronomical  and 
geocentric  latitude  of  the  place  of  obser. 
vation,and  is  thus  found:— Let  P  (Fig.  203) 
be  the  pole  of  the  earth,  E  a  point  of  the  equator,  0  the  place  of  observation,  Z'  the  geo- 
centric zenith,  Z  the  astronomical  zenith,  then  Z'  0  E  is  the  geocentric  latitude  = 
L  ^,  and  Z  G  E  is  the  astronomical  latitude  r=  L  (i,  and  Z'  0  Z  =  C  0  G  is  the  angle  of 
the  vertical.    I^et  a  and  b  be  the  axis  of  the  ellipse,  the  equation  of  the  normal  Z  G  is 


Fig.  203. 


therefore, 


y  -  /  =  ^  .~^,  (^  -  ^)  =  ^  tan  L  i^  («  -  a;*) ; 
tanLa=-p  tanL^,ortan  L^= -jtan  L  a  .    , 


(9); 


hence,  Lg  becomes  known.    For  an  ellipticity  oi-r7r_>  and  the  astronomical  latitude  of 

Greenwich,  viz.,  5V  28'  39'',  we  find  the  geocentric  latitude,  6V  17'  29",  and  con- 
sequently the  angle  of  the  vertical  =11'  12". 

The  value  of  r',  by  which  the  moon's  horizontal  parallax  must  be  multiplied  to  have 
the  horizontal  parallax  at  the  place  of  observation,  is  thus  computed :  C  0  =:  r',  0  0  E 
=  L  ^ ;  then  by  the  property  of  the  ellipse  6«  «« -J-  ««  y'  =  a'  b\  we  easily  find 


f3  = 


a«i« 


a*  sin*  'Lff-\-b^  cos*  L  g 

. g*y 

'ai  — (a*  — *2)  cos*  Ly 

a* 

1 _.cos*Li^  \ 


where  sin*  $  =  - — j— cos*  Ly. 


F:g.2C4. 


Intbefollowing  section  we  shall  give  an  investigatioa  of  parallax  for  the  fcregoin^ 
r^^uctiona,  as  well  as  its  effects  for  occultations,  &c. 


A^ 


DEFBCriYE  ILLlU^NAnON  IN  NOaiS  PQUJL  DISTANCE. 


.  ThAJreductioDS  £:oa  the  ajiparoot  tofOxe  mean  places  are  peifiQEnned  in  a  .maanar 

similar  to  that  previously  explained  for 
right  ascension. 

The  other  corrections  for  circle  ob- 
seryatioi^,  viz.,  defectire  illnminatioii 
of  Moon  and  Venus,  &c.,  are  so  foUj 
explained  in  the  Introduction  to  the 
Greenwich  Ohseryations,  that  a  short 
investigation  will  only  be  necessary. 

Coixection  for  Sefectiwe  ZHii- 
ndnation.— The  fallowing  is  the  inves- 
tigation of  the  correction  for  the  defBCtive 
illumination  of  &e  saoon  in  right  ascea- 
sion: — 

Let  S  (Fig.  205)  be  the  place  of  the  oth, 
M  that  of  the  moon ;  if  the  sun  were  at  S' 
both  limbs  of  the  moon  wonld  be  full  i 
12h.  to  apparent  iime  of  moon's  transit  i 
==BPa=iifc    B.Q,  hut  B  a  X  ci8 
This  is  the  aicjan.  tha.iaoon!s.jdisc,  nKhich 


XlS^MS. 


J3B  =;jSB  =.SM.S'  sioH.nc^.fffcojt. 

OS  not  illjiBiiiMliedy  a^id  its  v\eraed  ein  isithe  part  of  l;ke  sariEftoe. not  #nlj^ghtgutd 
L'sjsemi-iiameter  X  versed  jsina  S^'  ^^  correction. 


Defeetiue  Illumination  in  iV.  P.  Dj^-Moon  ffibbous. 
Let  E  Q  be  the  equator,  P  the  poie,  E  M=EOM  =  S'0B  =  D  =^the  moon's 
declination.      If  the  sun  were  at  S'  both  limbs  of  the  moon  would  be"Tnlightened. 
E  P  S  =r  sun's  hour  angle  =  the  difference  between  the.iimes  uf -passage  of  the  sun  and 
moon  without  regard  to   sign.      Then 
inOB  -  cotBO  S'-XtamBB'. 
.'.  tan  B  S   =  ,sin  0  B  tan  D  =  sun 

(EPS— 90°)  tan  D  = 
—  oos  sun's  hour  ai\gle  X  tan  moon's 
appaient  declination. 
B  S'is  called  the  new  declination 
New  declination  —  sun's  declination 
=   angle    required.    "When  this  angle    i 
is  positive,  the  north  limb  is  full. 

From  S'  let  fall  the  perpendicular 

arc  S  A,  then  cos  B  0  S'   =  cos  B  S' 

•      r>  a,  n  -     n  a'  f\        COS  B  0  S' 

sm  B  S'  0  .*.  sin  B  S  0  =  ^t^t- 

cos  B  S 

sm  S  A  =  sin  S  S'  sin  A  S'  S  =  sin  S  S' 
cos  B  0  S' 


sin  A  S'  S   =    sin   S  S'    X 


co3  B  S' 


Fig.  206. 

=  sin  S  S'  cos  B  0  S'  see  B  S'.    S  A  isoalled  thenewuagle,  ticepofore  sine  new  angle  = 
cos  app.  decl.x  sec.  new  decl.  X  sine  anglejequired. 

The  new  angle,  or  S  A,  is  taken  for  the  measure  of  S  M]AjOJ[f^  Jklf,  ilhe.mngle 
o£  defective  illumination. 


THE  ZBKITH  •■  T&JmOOBE. 


Ail 


Ikfective  lUmknuttion  in  Iff.  ^.  !>.— JKo^m  harwfd, 
.  kBCfiuir  time  •£  passage  'dh.  to  6I1. 

Lets  (Flg..2(X7}  be  iiha  8im«  M  the  moon  on  the  meridian,  a  tf^erpenfiediar  toBttC. 
,  JoiiiH  0,  D  scEM  x;  the  mooifs  apparent  decSIinationy  d  =  the  sun's  apparent  Aedima- 
tim.  Tfa&ju&gfe  M  PJ3  =T  =  the  difference  between  the  masn  timeB  *  ^'  passage  <it'i3kQ 
jna  aadmoon;.  thsjangle  S.M  Ois  the  angle  of  dfifeotiYQ'!BamxBaiioB:=3f9D* — P'lifi. 

jinT 
£Qa.D  tan.<^  —  sin  D  cos  T 


^tanPM:«-= 


1aaBMO  =  TOtTMS: 


^lOQs  J)  tan  d 
'      «nT 


niiDooS^."T 
iin^ 


Fig.  207. 

The  Zenith  Telescope — The  instru- 
ment employed  in  measuring  the  differ- 
ence of  the  zenith],distanoe  and  hour,  called 
the  zenith  telescope,  may  be  described  here, 
although  it  is  scarcely^^the^proper  place  for 
it.  A  A  (Fig.  208)  are  the  screws  which 
support  the  entire^instrument,  and  by  which 
the  column  carrying  the  telescope-screw  is 
rendered  truly  vertical ;  C  C  is  the  horizon- 
tal circle  twelve  inches  in  diameter,  graduated 
to  10',  and  reading  to  10",  by  means  of  its 
vernier  and  microscope  V.     B  is  the  tan-  Fig.  208. 

gent-screw  for  slow  motion. 

This  circle  serves  to  mark  the  position  of  the  meridian  when  it  has  once  been  deter- 
mined. It  likewise  enables  the  observer  to  turn  the  telescope  promptly  through  ISC 
of  azimuth.  D  is  the  vertical  column  which  supports  the  telescope,  and  about  which 
tho  telescope  turns  in  azimuth.  E  is  a  horizontal  axis,  to  one  end  of  which  ia  attoA^ft^ 
the  telescope  T  T,  which  is  counterpoised  by  the  weight, 'W,  alWift  <>^ei  ^tA\  xJosa.  ^-iv^ 
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is  hollow,  and  through  it  passes  the  light  of  the  lamp,  H,  to  illamine  the  wiiM  i 
telescope.  The  telescope  has  a  focal  length  of  ahout  forty  inchesy  and  oil 
three  inches.  L  is  the  leyel  by  means  of  which  the  column  D  is  : 
yertical,  riding^  on  the  horizontal  axis.  M  is  a  graduated  semiciEoIa  ' 
the  telescope,  and  haying  a  yemier.  A,  with  a  microscope.  ThiB  i 
a  finder  for  setting  the  telescope  to  the  altitude  of  the  stars  to  be  oh 
a  yery  delicate  leyel  attached  to  the  semicircle.  P  is  the  parallel  wire 
for  measuring  small  differences  of  altitude ;  and  E  is  the  diagonal  eye-piee%  M 
structed  that  the  micrometer  may  not  interfere  with  the  field  of  ohsenratiaii.        ,, 

The  stars  selected  for  obseryation  by  this  instrument  should  be  within  a  eoni 
range  of  the  micrometer — say  lO'-^one  culminating  to  the  north  and  ilie  odHt'l 
of  the  zenith.  Haying  leyelled  the  instrument,  set  the  telescope  to  an  altitode  wM 
between  the  two  stars,  and  bring  the  bubble  of  the  leyel  S  to  the  middle  of  ill  mtt 

Bring  the  telescope  into  the  plane  of  the  meridian  by  setting  theyemferof  Afel 
zontal  circle  to  the  point  preyiously  determined. 

As  the  first  star  enters  the  field  of  yiew  follow  its  image  with  one  of  tiie  ] 
wires,  and  bisect  it  at  the  instant  it  crosses  the  middle  wire.    Reoord  tiie  ; 
the  leyel  S,  noting  the  diyisions  corresponding  to  each  extremity  of  the  IniUlt^Jj 
the  telescope  180"  in  azimuth,  taking  care  to  presenre  the  same  inclination  to  I 
zon,  and  make  a  similar  obseryation  on  the  second  star,  bisecting  it  with  fiiel 
wire.    A  comparison  of  the  readings  of  the  two  micrometers  will  give  tiiei 
tance  of  the  two  stars  after  correction  by  readings  of  the  leyel,  and  also  for  i 
ence  of  refraction  of  the  two  Etars. 


METEOllOLOGY. 


nefitiitlQii  and  IiimitailoiiB. — The  term  Meteorology^  trcm.  tirrttapo^  clcTatedi 
was  applied  by  Ariatotlo  to  signify  pliDTionieiia  pccurring  in  elevated  regioas.  It 
may  he  considered  eynonymoua  wi(h  tlio  Btudy  of  attno^pheric  phenomena,  thoijgh  all 
which  conccma  meteors  proper  ia  very  neaily  allied  with  aetronomy* 

In  many  r^apecta  Aristotle's  opinions  on  mcteorologic  subjects  display  the  usual 
acumen  of  that  deep  thinker ;  his  remarks  on  the  eubject  of  dew  are  parti cnlarly 
interesting.  Dt?privcdj  however^  of  the  barometer  find  thermometer — dopriTed  of 
optical  instruments — the  nature  of  tskctricity  yet  undeTelopcd,  and  the  compositioti  and 
functions  of  the  atmosphere  unknown^  oneicnt  speculations  on  moteorologic  suhjecta 
were  neceaaarily  unsatisfaetury  find  vague. 

The  meteorological  writings  of  Tbeophraatn?,  Aristotle's  pnpDj  were  moro  diffiiae 
than  those  of  that  groat  pbiloeopher^  and  were  long  recognised  as  constituting  a  testt* 
book.  They  constituted  the  groundwork  of  the  AiOifj)|u«ia,  or  prognoalica  of  Aratus, 
and  were  embodied  in  a  yersiflcd  rendering  by  Cicero  in  his  youthful  days*  Portions 
of  these  attempts  at  Tersification  are  Btil!  in  eKistenee,  and  do  hut  little  credit  to  the 
great  Horn  an  orator  in  a  poetical  capacity. 
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Meteorology,  in  its  most  common  and  restricted  sense,  may  be  conaidered  aynony- 
moni  with  knowledge  of  the  tceather.  It  therefore  involves  a  full  acquaintanoe  v^ 
the  nature  and  composition  of  tho  atmosphere ;  with  the  laws  of  gaseona  and  vapoiuons 
elasticity ;  with  tho  conditions  determining  the  production  cf  fogs,  dew,  anow,  and 
hail ;  also  with  the  laws  of  atmospheric,  optical,  and  electrical  phenomena.  _  It  is  the 
province  of  meteorology  also  to  study  the  phenomena  of  aerolites,  and  the  zdatkau 
which  subsist  between  atmospheric  conditions  and  the  development  of  organic 
species.  ; 

Tho  above  is  a  general  outline  of  the  scope  and  limits  of  mcteorologr.    Its  suc- 
cessful study  will  be  seen  to  involve  a  prc-acquaintance  with  many  scienoea,  man 
especially  those  of  chemistry  and  electricity.    There  does  not,  indeed,  exist  any  adence 
having  limits  so  undefined  as  meteorology.  From  a  consideration  of  the  theory  of  ahoot- 
ing  stars  to  n  contemplation  of  the  mutual  alliance  subsisting  between  certain  finrms  of  | 
disease  and  atmosplicric  conditions,  or  the  relation  between  certain  animal  and  vege-  i 
table  tribes  and  given  atmo?p]ici  i(3  conditions,  tho  divergency  is  wide.    NererthelesB)  | 
aU  these  branches  of  study  are  intimately  allied  with  meteorology ;  and  perhaps  the  | 
most  delightful  part  of  botanical  science  is  that  which  seeks  to  cstabliBh  connections  ! 
between  the  localization  of  certain  vegetable  families  in  districts  characterised  by 
some  p(>culiarity  of  metcorologio  condition.    Horticulturists  have  been  too  ready  to  ! 
overlook  tho  influence  of  remote  atmospheric  conditions  on  certain  v^getaUe  fkmiliaSi  ■ 
Too  frequently  it  has  been  considered  that  a  vegetable  sniTounded  by  an  atmoaplieie  of 
temperature  similar  to  that  of  its  native  region,  and  planted  in  a  boB.  of  aimilar 
chemical  composition,  must  necessarily  thrive.    There  are,  neverthelcH,  meteoric  eon-  | 
ditions  beyond  these.    Why  is  it  that  many  spedca  of  the  palm  tribe  refiiae  to  gior  ! 
very  far  nway  from  their  native  regions,  although  transplanted  to  localities  weaua^ 
identical  in  all  respects  ?     "Wliy  is  it  thnt  the  cocoa-palm  reftifes  to  grow  in  regioas 
very  far  distant  from  the  sen  ?     These  r,iiesti<  ns  involve  meteorologic  considerations  of 
great  interest ;  and  not  less  interesting  to  a  meteorolegist  is  the  partiality  evinced  to  a 
restricted  region  hy  the  cinchona  tribe.     An  atmosphere  veiy  much  rarefied  and  per-  : 
petnnlly  moist  are  so  essential  to  their  exi.stence,  thnt  they  cannot  live  without  it. 

The  natural  approach  to  Tneteorology  is  the  study  of  the  atmosphere,  which  admits  | 
of  being  contemplated  under  many  aspects.  It  may  he  contemplated  either  as  the  i 
atmosphere  proper  or  theoretical,  composed  of  two  gases,  oxygen  and  nitrogen ;  or  ns  ' 
tho  practical  atmosphere  or  mixture  of  the  pasoous  theoretical  atmosphere  with  , 
numerous  vapours,  extraneous  gases,  and  fleeting  undetermined  miasmata.  The  atmo-  | 
sphere,  too,  admits  of  \wmg  regarded  statically,  i.e.  at  rest,  and  dynamically,  i.e.  in  ■ 
motion,  tho  latter  involving  a  study  of  tlic  causes  of  winds.  The  atn  osphere,  lastly,  " 
may  bo  considered  in  relation  to  the  in^i)onderahlo  agents,  to  heat,  light,  electricity, 
and  magnetism.  I  shall  begin  by  investigating  the  nature  of  our  atmosphere  regarded 
chemically.  , 

Chemical  Constitntion  of  the  Atmosphere.— By  the  ancients  air  was  con- 
sidered to  be  an  elementary  substance.  Chemistry  at  length  demonstrated  it  to  consist 
of  two  gases,  oxygen  and  nitrogen  combined,  or  rather  mixed  in  the  proportions  of  about 
eighty  parts,  by  measure,  of  nitrogen,  and  twenty  of  oxygen ;  or,  in  other  words,  one 
volume  of  oxygen  to  four  of  nitrogen. 

Considerable  difference  of  opinion  once  existed  on  the  question,  whether  the 
atmosphere  bo  a  chemical  or  a  mechanical  compound.  To  adduce  evidence  bearing  on 
this  discussion,  would  be  foreign  to  the  subject  of  meteorology.    The  generally  received 
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opinion  is  in  faYOur  of  tlie  mechanical  constitution  of  the  atmosphere.  The  law  of  the 
diffusion  of  gases  perfectly  accounts  for  the  intimate  mixture  with  oxygen  and  nitrogen 
jA  the  atmoe^ei^  without  having  recourse  to  the  assimiption  of  chemical  imion.  An 
outline  of  the  law  in  question  it  will  be  proper  to  give. 

Gaseous  IHfusion. — If  two  glass  vessels  be  taken,  as  represented  in  the  accompanying 
diagram  (Fig.  1),  the  upper  one  being  filled  with  hydrogen  gas,  the  lower  one  with 
oxygen  gas,  placed  in  oommunication  with  each  other  by 
a  capillary  tube  passing  through  the  cork  stopper  of 
both,  and  allowed  to  remain  at  rest  for  ab«ut  half  an 
hour,  perfect  mixture  of  the  oxygen  and  hydrogen  gases 
•will  have  ensued.  Inasmuch  as  no  chemical  union  takes 
place  between  the  two  gises  thus  circumstanced,  and 
inasmuch  as  hydrogen  gas  filling  the  upper  vessel  is 
about  sixteen  times  heavier  than  oxygen  gas  filling  the 
lower  vessel,  some  new  cause  of  admixture  has  to  be 
■ought ;  it  depends  upon  the  mutual  tendency  of  the  two 
gases  to  become,  difiused  through  each  other. 

The  above  is  an  individual  case  exemplifying  a 
general  principle;  any  two  gases  might  have  been  so- 
looted  and  mutual  difiusion  would  have  ensued.  Oxygen 
and  hydrogen  gases  have  been  here  chosen  because  of  the 
fiudlity  wherewith  the  circumstance  of  these  having  become  diffused  may  be  deter- 
mined. It  is  well  known  that  neither  oxygen  nor  hydrogen  gas,  taken  separately,  will 
explode  on  the  application  of  flame,  whereas  a  mixture  of  the  two  readily  explodes ; 
hence  the  propriety  of  selecting  these  two  gases  for  illustration  of  the  principle  in 
-question  wHl  be  obvious. 

Faraday  appears  to  have  been  the  first  to  direct  attention  to  the  mutual  diffusibility 
of  gases.  He  noticed  that  bottles  filled  with  gases,  and  corked  or  stoppered,  or  vessels 
fiJled  with  gases  and  inverted  over  mercury,  in  either  case  occluded  to  all  appearance 
accurately,  nevertheless  almost  always  permitted  mutual  admixture  of  the. air  without 
and  the  gas  within.  Dobereiner,  Mitchell,  and  Graham,  more  especially  the  latter, 
have  since  investigated  this  class  of  phenomena  more  narrowly,  and  Gfraham  has  suc- 
ceeded in  determining  the  law  which  regulates  this  diffusion .  Ke  finds  that  the  relative 
diffusiveness  of  any  two  gases  is  expressed  by  the  reciprocals  of  the  square  root  of  their 
densities.    Thus,  the  density  of  air  being  one,  its  diffusiveness  is  one  also.    The  density 

I  1 


^^^ 


Fig.  1, 


-  <rf  hydrogen  being  0*693,  its  diffusiveness  is 


V  0063  "^  0-2633 


=:  4'56  ;  the  density  of 


ammonia  being  05898,  its  diffusiveness  is  1  /  -jttt^t:^  =  Tr^jTrTrr  =  1  '30 ;  and  generally 

■^     O'Obyo        0'76ol 

representing  the  density  of  a  gas  by  <f,  its  diffusiveness  is  =  i/  3.    Applying  this  rule 

a 

to  practice,  it  appears  that,  supposing  hydrogen  and  ammonia  placed  under  circum- 
stances promoting  their  mutual  diffusion,  456  volumes  of  hydrogen  will  become  mingled 
with  1'30  of  ammonia. 

It  will  be  remarked  that  the  atmosphere  has  hitherto  been  treated  of,  in  a  theoretical 
sense,  as  a  mere  mixture  of  nitrogen  and  oxygen  gases.    Practically,  however,  the 
atmosphere  is  far  more  complex.   It  invariably  contains  portions  of  carbonic  waA.<^iSwsQ^ 
one  part  in  a  thousand),  also  extraneous  gases,  be&idfia  aqiteoMa  vi^  c^«t  ^%:^^)3^ 


■\ 
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mixture  of  all  these  things  maj  be  termed,  distinctiyely,  the  actual  or  praeUetU 
atmosphere.  Thej  will  hereafter  come  under  our  notice  seriatim  ;  but  eyen  a  theoretical 
mixture  of  oxygen  and  nitrogen  gases  is  subject  to  remarkable  variationa  of  property, 
its  chemical  composition  remaining  unchanged ;  portions  of  its  oxygen  are  sulject  tobe 
converted  into  ozone. 

The  change  of  common  oxygen  into  ozone,  furnishes  an  illustration  of  one  of  the 
most  remarkable  discoveries  of  modem  science.  It  displays  what  is,  perhaps,  the  most 
extraordinary  example  of  the  condition  of  allotropism,  or  the  existence  of  one  body  under 
two  different  aspects ;  it  promises  to  render  evident  some  of  these  occult  atmosphezic 
causes  which  determine  the  progress  of  epidemics,  and  promote  the  existence  of  endemic 
diseases. 

A  summaryof  our  knowledge  relative  to  ozone  maybebiaefly  stated  as  follows : — Oij' 
gen  gas  is  susceptible  of  undergoing  a  change,  the  nature  of  which  is  altogether  veiled  in 
mystery.  It  is  susceptible  of  becoming  odorous,  corrosive,  and  irritating  when  breathed ; 
its  chemical  action  is  susceptible  of  being  exalted  and  modified,  so  that  whilst  ordinaiy 
oxygen  gas  neither  bleaches  nor  corrodes  silver,  nor  decomposes  iodide  of  potasaum, 
the  allotropic,  or  second  form  of  oxygen  gas,  will  accomplish  all  these  results,  and 
iflany  more  too  numerous  for  mention  here.  The  general  conclusion  to  which  it  is  de- 
sired to  bring  the  reader  is  this :  if  causes  can  be  proved  to  exist  capable  of  nhfingmg 
atmospheric  oxygen  gas  in  its  ordinary  state  to  oxygen  gas  in  its  extraordinaiy 
state,  how  vast,  how  complicated  must  be  the  meteoric  results  determined  thereby ! 
That  such  natural  causes  do  exist  will  be  readily  inferred  from  a  consideration  of  tiie 
artificial  methods  to  which  the  chemist  has  recourse  for  changing  ordinary  oxygen  into 
ozone. 

Methods  of  Ozonising  Oxygen  Gas. — The  most  ready  method  of  ozonismg 
oxygen  gas  is  as  follows  : — Take  a  few  sticks  of  phosphorus,  scrape  them  free  from  aU 
superficial  contamination,  place  them  in  a  wide-mouthed  bottle  containing  a  little  water  bat 
not  enough  to  cover  the  phosphorus.  Let  the  whole  remain  at  rest  for  about  ten  or  fifteen 
minutes,  and  a  considerable  portion  of  the  atmospheric  oxygen  will  have  been  converted 
into  ozone.  The  ozonized  aii  thus  generated  will  be  at  present  mixed  with  vapours  of 
phosphorous  acid ;  washing  will  free  the  air  from  these,  however,  without  removing  the 
ozone.  That  the  air  thus  treated  has  become  considerably  modified  in  some  way,  willi 
in  the  first  place,  be  rendered  evident  by  the  smell ;  atmospheric  air,  when  pure  and  in 
its  ordinary  state,  is  devoid  of  smell.  But  the  atmospheric  air,  the  product  of  the 
experiment  just  detailed,  will  be  found  to  have  a  very  peculiar  odour.  It  will  be  fbmtd, 
moreover,  to  be  capable  of  removing  the  colour  of  sulphate  of  indigo,  and  other  vcge. 
table  and  animal  coloiuing  bodies.  All  this  is  due  to  the  modification  which  ordinary 
oxygen  gas  assumed — due  to  its  assumption  of  the  allotropic  state — ^to  its  convenion 
into  ozone. 

Another  ready  method  of  generating  ozone  is  this : — ^Moisten  the  interior  of  a  bell- 
glass  receiver,  or  a  large-mouthed  bottle,  with  ether ;  then  take  a  glass  rod,  heat  it  in 
the  flame  of  a  spirit-lamp,  and  plunge  it  into  the  bottle  or  bell-glass ;  nnder  these  dr- 
oumstances  ozone  will  be  formed,  provided  the  glass  rod  has  not  been  heated  to  an 
inordinate  temperature,  for  the  circumstance  has  to  be  mentioned  that  ozone  is  recon- 
verted into  ordinary  oxygen  gas  by  contact  with  any  body  heated  above  a  certain,  bnt  i 
not  very  well-determined,  point  1 

We  have  seen  that  the  ordinary  method  of  generating  ozone  consisiB  in  psomotinS 
the  contact  of  phosphoTiiB  wlOi  atmoB^'hen^  «^  ^t  ca::*s^iSEN -v&iiec  certain  fiflndit^^"^  I 
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Hanj  other  substances  besides  phosphorus  are  capable  of  generating  ozone  by  contact. 
Oil  of  turpentine,  and  many  other  essential  oils,  will  accomplish  this ;  and  ihe  fact  in 
question  cannot  be  too  forcibly  remembered  by  the  painter,  who  may  discover  in  th*^ 
philosophy  of  ozone  the  reason  why  certain  pigments  fade,  or  are  bleached,  thus  de~ 
stroying  the  general  effect  which  he  desired  to  produce.  Meteorologically  considered, 
however,  the  most  important  source  of  ozone  remains  to  be  described ;  I  refer  to  the 
production  of  ozone  by  means  of  electricity.  Every  person  who  has  been  much  accus- 
tomed to  work  with  the  electrical  machine  must  have  noticed  the  generation  of  some- 
tliing.  powerfully  odorous  during  the  friction  of  the  cylinder,  or  plate,  against  the 
rubber.  This  odour  has,  in  point  of  fact,  been  called  the  electric  smell.  Now,  if  this 
electric  smell  be  compared  with  the  smell  of  the  atmospheric  air  which  has  been  treated 
with  phosphorus,  as  just  described,  and  washed,  the  two  odours  will  be  found  to  be 
identical,  which  is  a  presumptive  evidence  that  electricity  has  in  some  way  been  con- 
oconed  in  the  formation  of  ozone — an  idea  which  extended  experiment  fully  comfirms. 

It  has  already  been  stated  that  the  most  prominent  quality  of  ozone  is  its  highly 
developed  oxidising  power.  By  taking  advantage  of  this  property,  we  are 
supplied  with  an  easy  means  of  recognizing  it,  by  means  of  a  test-paper,  imbued 
with  a  mixture  of  iodide  of  potassium  and  starch.  The  chemical  reader  need  not 
be  informed  that  iodine  colours  starch  blue,  whereas  oxide  of  potassium  does  not ; 
therefore  test-paper,  imbued  with  iodide  of  potassium  and  starch,  may  occasionally  be 
retorted  to  for  indicating  the  presence  of  certain  bodies  which  have  the  faculty  of 
decomposing  iodide  of  potassium,  and  liberating  free  iodine.  Ozone  is  one  of  these, 
which  fact  remembered  will  render  the  following  experiment  intelligible  :>-If  a  piece 
of  paper,  imbued  with  iodide  of  potassium  and  starch,  be  held  between  the  prime  con- 
ductor of  an  electrical  machine  and  the  knuckle  or  a  metallic  ball,  and  electrical 
sparks  transmitted  through  it,  spots  of  blue  discolouration  will  be  seen  on  the  paper, 
corresponding  to  each  electrical  spark. 

The  method  of  detecting  the  presence  of  atmospheric  ozone  is  now  readily  in- 
dicated. If  a  strip  of  paper,  imbued  with  solution  of  iodide  of  potassium  and  starch, 
turns  blue,  the  existence  of  ozone  is  demonstrated.  The  experiment  is  very  striking 
when  performed  near  the  sea.  During  the  prevalence  of  a  land  wind,  the  test-paper 
will  generally  afford  slight  indications,  or  none  at  all ;  during  the  prevalence  of  a  sea 
wind,  however,  ozone  can  generally  be  detected. 

The  reader  will  now  be  prepared  to  form  some  idea  of  the  natural  causes  which 
may  generate  ozone.  "We  need  assume  no  other  agency  than  that  of  electricity, 
to  be  assured  that  the  production  of  ozone  must  be  universal,  and,  looking  on  the 
world  as  an  aggregate,  continuous ;  and  when  we  consider  the  potent  nature  of  ozone, 
the  irritation  it  produces  when  breathed,  the  facility  with  which  it  bleaches,  corrodes, 
and  destroys,  we  shall  not  be  at  a  loss  to  understand  that  the  consequences  to  living 
beings  of  its  excess  or  diminution  must  be  all-important.  A  most  important  function 
of  ozone  has  yet  to  be  indicated,  it  removes  almost  more  rapidly  than  chlorine  itself 
the  bad  odours  resulting  from  the  decomposition  of  animal  or  vegetable  bodies.  If  a 
piece  of  putrid  flesh  be  immersed  for  a  few  minutes  in  a  bottle  of  ozonized  air,  the 
odour  of  decomposition  is  totally  destroyed.  With  these  facts  before  us,  we  may 
form  some  idea  to  ourselves  of  the  important  functions  which  ozone  is  designed  to 
accomplish.  Lessen  the  amount  of  atmospheric  ozone,  lower  it  below  given  limits, 
fmd  increase  the  atmospheric  temperature  to  the  degree  most  congenial  to  <^T^g&sL^  \ 
decomposition,  and  the  air  will  soon  be  charged  with.  ^\Be«Ae-\i^«ffli^^\s^x\.^^^^''Q2c^*  \ 
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It  18  in  accordanco  with  all  that  philosophy  has  hoen  ahle  to  teach  us  in  rehitioiii  to 
tho  laws  of  epidemic  and  endemic  maladies,  liiat  the  presence  of  such  gaaeoua  odovnof 
organic  decomposition  as  are  here  assumed,  must  he  the  fruitful  source  of  disease ;  and 
it  is  not  possible,  after  having  studied  the  qualities  of  ozone,  to  refuse  assent  to  the  pro- 
position that  the  existence  of  this  agent  in  competent  amount  must  be  followed  by  the 
destruction  of  the  pestiferous  odours  of  organic  decomposition.  If,  howeyer,  ozone  he 
naturally  formed  at  any  time  in  excessive  amount,  it  is  not  difficult  to  foresee  that 
other  serious  consequences  must  result  to  animal  life.  The  inhalation  of  an  irritatiiig 
gas  cannot  but  prodaco  injarious  effects  on  organs  so  delicate  as  the  lungs,  and  per- 
haps many  of  the  now  anoDJalous  and  inexplicable  effects  of  change  of  air  to  patientB 
suffering  from  chest  diseases  may  hereafter  receive  their  solution  in  a  more  intimate 
acquaintance  with  the  laws  of  ozone. 

Physical  Properties  of  Gaseous  Bodies. — The  word  gas  is  of  German 
origin,  and  was  first  employed  by  Van  Helmont  to  signify  the  vapour  which  escaped 
from  liqmds  undergoing  vinous  fermentation.  At  later  periods  the  term  was  ap]^ed 
to  designate  every  invisible  substance  disengaged  from  bodies  by  the  application  of  fire. 
Macquer,  a  celebrated  French  chemist  of  tlie  eighteenth  century,  extended  the  meaoiBg 
of  the  term  gas  to  signify  every  kind  of  air  besides  atmospheric  air ;  and  modem  ohe^ 
mists  have  extended  the  meaning  of  the  term  still  further  to  indicate  elastic  ftnd% 
whatever  their  colour  may  be,  which  are  not  readily  condensible.  At  one  time  it  was 
erroneously  imagined  that  gases  did  not  admit  of  condensation ;  in  accordance  wiA 
this  belief  a  gas  was  defined  as  being  a  permanmily  eiattte  fluid,  thus  distingviiiiiBg 
this  class  of  bodies  from  mere  vapours,  which,  so  far  from  being  x>ermanently  datlda, 
are  very  readily  condensible.  Modem  discovery  has  proved  this  distinction  to  be 
untenable.  All  the  known  gases,  except  oxygen,  nitrogen,  hydrogen,  nitiio  ozide^  car- 
bunic  oxide,  and  coal  gas  have  been  liquefied,  and  a  great  number  of  them  solidified,  by 
subjecting  them  to  extreme  cold  and  pressure. 

Law  ofMarriotte — The  Vohanea  of  Gaset  art  interself/  to  the  Preaure  appHed. — This 
is  a  very  celebrated  law,  and  one  that  intimately  concerns  the  meteorologist ;  it  may 
be  otherwise  termed  the  law  of  compressibility  of  elastic  fluids. 

It  will  be  recognized  that  the  law  in  question,  according  to  the  exposition  of  it  just 
given,  is  a  general  law  applying  to  a  vast  number  of  gaseous  and  vaporous  bodies.  For 
a  long  time  its  absolute  truth  remained  unquestioned,  hut  more  recently  M,  Hegnault 
and  others  have  demonstrated  it  to  be  not  of  such  universality. 

Even  atmospheric  air  and  nitrogen  do  not  rigorously  conform  to  "fee  law ;  and  car- 
bonic acid,  and  liqnefiablc  gases  generally,  are  so  little  amenable  to  the  law,  that,  as 
applied  to  them,  it  cannot  be  regarded  as  approximately  correct.  Even  the  rate  of  com- 
pressibility of  hydrogen  is  not  strictly  accordant  with  the  law,  although  the  deviation 
in  this  case  is  in  the  opposite  direction  to  the  deviation  when  atmospheric  air  is  con- 
cerned ;  for  it  suffers  less  compression  than,  according  teethe  law,  should  take  place. 
Carbonic  acid  and  nitrogen,  when  compressed  by  a  force  of  forty-five  atmosj^eres,  only 
flu  seven-tenths  of  the  sxmce  they  ought  to  occupy  according  to  the  law. 

Now,  inasmuch  as  the  philosophy  of  estimating  the  hei^t  of  maantains  barometri- 
cally, is  intimately  associated  with  the  law  of  Marriotte,  it  is  well  to  indicate  that  this 
law  is  not  quite  correct ;  nevertheless,  as  regards  atmospheric  air,  it  is  so  nearly  coiTect 
that  we  may  accept  it  without  demur. 

The  experiment  by  which  the  law  of  Marriotte  was  deduced  is  as  follows : — ^Into  a 
8tT(mg  glass  tube,  of  equal  diametcT  \]bxQiu.^Q»u\,^  Viit  on  itself  (as  represented  in  Fig. 
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2),   open  at  the  long  and  closed  at  the  short  extremity,  a  little  mercury  is  poured 

in  such  a  manner  that  it  shall  he  perfectly  level  in  the  two  legs,  as  represented  by  the 

line  A  B.    Under  these  circumstances  it  will  he  evident  that  the  air 

inclosed  between  B  C  and  A  D  will  be  equally  compressed.    Let  us 

assume  the  amount  of  compression  to  be  represented  by  the  weight  x. 

Let  us  furthermore  assume  that  the  weight  of  a  column  of  mercury 

between  O  and  D  to  be  =  ar,  and  let  us  call  it  m.    If,  then,  on  filling 

the  long  arm  of  the  syphon  with  mercury,  the  column  of  air  originally 

extending  from  B  to  C  be  diminished  to  the  column  extending  from 

B'  to  C,  that  is  to  say,  to  one-half, 

then  we  have  a:  +  m=:JBC,  or2a:=JBC; 
proving  that  the  compression  of  air  within  the  limits  of  the  experi- 
ment is  inversely  to  the  pressure  applied.  In  like  manner,  when  the 
pressure  is  triple,  the  volume  of  gas  is  reduced  to  one-third  ;  when 
quadruple,  to  one-fourth,  etc.  M.  Arago  has  experimentally  deter- 
mined that  the  law  rigorously  applies  to  atmospheric  air  up  to  a 
pressure  of  twenty-seven  atmospheres. 

The  Atmosphere  as  a  Fonderable  Agent. — Owing  to  the  equaiity  of 
pressure  which  the  atmosphere  exercises  on  every  side,  we  are  not 
ordinarily  conscious  of  its  possessing  weight.  Nevertheless,  ita 
weight  is  no  less  definite,  under  proper  limitations  of  demonstration,  | 
than  the  weight  of  any  solid  or  liquid.  The  weight  of  the  atmos- 
phere may  be  contemplated  under  two  conditions :  firstly,  as  the 
equivalent  weight  of  an  atmospheric  column  of  known  sectional  area 
but  unknown  height ;  secondly,  as  the  equivalent  weight  of  a  known 
atmospheric  volume  under  proper  limitations,  presently  to  be  indicated, 
investigations  will  now  have  to  be  considered. 

Determination  of  the  Weight  of  an  Atmospheric  Column  ff  hnown  Sectional  Area  but 

wihtowH  Elevation.  The  Barometer, — 
Experiment  1. — If  a  piece  of  glass  tube 
be  taken  equal  in  bore  throughout,  hav- 
ing a  length  of  some  thirty-three  or 
thirty-four  inches,  closed  at  one  ex- 
tremity and  oj)en  at  the  other ;  if  it  be 
filled  with  mercury,  then  closed  tempo- 
rarily by  the  thumb,  and  inverted  in  a 
basin  of  mercury,  as  represented  in  the 
accompanying  sketch  (Fig.  3),  we 
phall  obtain  a  barometer  of  perhaps  the 
most  simple  form  this  useful  instrument 
can  assume.  "We  will  proceed  to  study 
its  philosophy.  Firstly,  let  it  be  observed 
that  though  the  tube  teas  quite  full  of 
mercury,  it  does  not  remain  quite  fall. 
Xo  sooner  is  the  restraining  thumb  re- 
moved, than  a  portion  of  the  mercury 
sinks  into  the  basin.   If,  instead  of  hold- 


Fig.  2. 
Both  these 


4h) 


Fig.  3. 


ing  the  inverted  tube  in  the  hand,  as  represented,  some  "^TmvivetvX.  «Q!^^t\.\»'i  ^««Ss^ 
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for  it ;  if  the  point  corresponding  with  the  present  elcYstion  or  leyel  of  the  mercury  be 
marked  on  the  tube ;  and  if  the  tube  be  examined  from  day  to  day,  the  obseryer  will 

soon  find  the  level  to  fluctuate ;  some  times  it  will 
rise,  at  other  times  falL  He  will  find,  more- 
over, that  the  mercury  will  beoome  depressed  pre- 
vious to  stormy  weather. 

The  instrument  thus  roughly  extemporized  is, 
in  point  of  fact,  a  measurer  of  the  weight  of  an 
atmospheric  column  of  known  sectional  area  (i.^., 
the  area  of  the  interior  diameter  of  the  tube),  but 
of  unknown  elevation.  It  is  a  barometer;  and 
collaterally — inasmuch  as  depression  of  the  mer- 
curial column  usually  precedes  stormy  weather— 
the  roughly-extemporized  instrument  is  a  weather- 
glass. 

Demonstration. — It  is  desirable  occasionally, 
when  treating  of  natural  phenomena,  to  violate 
the  mathematical  rule  of  accepting  no  fact  until  it 
has  been  demonstrated. 

Thus,  in  the  present  instance,  I  have  taken  the 
fact  for  granted  that  the  cause  operating  to  Tnaint^in 
a  mercurial  column  in  the  closed  tube,  is  atmospheric 
pressure ;  and  the  cause  to  which  variations  of  the 
height  of  that  column  is  referable,  is  fluctuation  of  atmospheric  pressure.  The 
first  proposition  shall  now  be  demon- 
strated, when  the  second  will  be  ac- 
cepted by  inferential  reasoning. 

Experiment  2. — If,  instead  of  a  tube 
closed  at  one  extremity,  an  open  tube  be 
taken  and  one  end  be  occluded  by  tying 
securely  over  it  two  or  three  strong 
pieces  of  moistened  bladder  :  if  the  tube 
thus  prepared  be  filled  with  mercury,  as 
before,  and  inverted  in  a  basin  of  mer- 
cury, we  shall  be  in  a  position  to  de- 
monstrate the  proposition  that  it  is  owing 
to  atmospheric  pressure — and  that  alone — 
that  the  mercurial  column  is  supported. 
The  operator  j^as  simply  to  prick  the 
bladder,  and  let  in  air,  when  the  whole 
column  suddenly  descends  to  the  level  of 
the  mercury  in  the  basin  (Fig.  4). 

There  is  another  form  of  demonstra- 
tion, as  follows ;  but  it  is  not  so  simple 
as  the  last,  inasmuch  as  it  requires  the 
aid  of  the  air-pump  : — 

A  is  a  glass  air-ptmip  receiver  (Fig.  6), 
through  the  neck  of  wliiclithe  tubeB  passes,  inclosed  in  an  exterior  tube,  which  may 


I1«FLUENCE  OF  ELBYATION.  457 


be  r^^arded  tut  a  prolongation  of  the  receiyer.    C  is  the  plate  of  an  air-pump,  on  which 
the  receiving  jar  is  laid. 

Let  US  assume  that  the  barometer  tube  has  been  filled  with  merciuj  as  before, 
plunged  in  the  basin  containing  mercury  underneath,  the  receiver  A  slipped  over  it, 
and  finally  extension  made  by  the  long  gloss  sheath.  Let  us  assume  now  that  the  air- 
pump  is  worked,  and  exhaustion  gradually  effected.  Under  these  circumstances,  the 
mercurial  columns  will  be  seen  to  fall,  and  it  will  fall  by  jerks,  each  jerk  corresponding 
with  a  stroke  of  the  pump-handle.  Hence,  by  the  two  preceding  experiments  it  is  de- 
monstrated that  to  atmospheric  pressure,  and  atmospheric  pressure  alone,  is  the  varia- 
tion mercurial  column  due.  It  is  also  proved ,  inferentially,  that  the  fluctuations  of  height 
witnessed  from  day  to  day  in  a  barometric  column  are  due  to  variations  of  atmospheric 
pressure.  It  appears,  then,  that  by  the  barometer  wc  actually  weigh  a  column  of 
atmospheric  air  equal  in  length  to  the  whole  elevation  of  the  atmosphere,  whatever  that 
may  be,  and  equal  in  area  to  the  internal  sectional  area  of  the  barometer  tube.  The 
barometer,  however,  gives  us  no  information  in  terms  of  cubic  dimensions  of  the  baro- 
metric mercury.  Thus,  supposing  the  barometric  tube  employed  to  have  a  sectional 
area  of  one  square  inch,  and  supposing  the  mercurial  column  to  be  thirty  inches  high, 
then  we  should  be  correct  in  averring  the  pressure  of  an  atmospheric  column  a  square 
inch  in  sectional  area,  and  extending  the  whole  height  of  the  atmosphere,  to  be  equal 
to  the  weight  of  thirty  cubic  inches  of  mercury.  Now  the  weight  of  thirty  cubic 
inches  of  mercury  will  be  about  fifteen  pounds ;  hence  the  atmosphere  is  said  to  exert 
a  mean  pressure  of  fifteen  pounds  on  every  square  inch  at  the  level  of  the  sea. 

Influence  of  EleTaUon  on  the  Baxometzic  Colnmn. — It  will  be  evident,  on 
reflection,  that  the  atmospheric  pressure  must  decrease  with  every  increment  of  elevation 
above  the  level  of  the  sea.  Founded  on  this  principle,  the  barometer  is  frequently  em- 
ployed to  determine  the  height  of  mountains ;  and,  reversing  the  application,  itmight  also 
be  employed  to  determine  the  depth  of  mines  and  wells.  At  the  elevation  of  about  thirty- 
six  miles,  the  pressure  of  the  atmosphere  cannot  amount  to  more  than  0*001  of  an  inch 
of  the  barometric  column ;  and  conversely,  at  a  depth  of  about  sixty-six  miles,  the 
density  of  the  atmosphere  would  be  about  1 00,000  times  greater  than  at  the  surface  of 
the  earth,  being  six  times  more  than  the  density  of  gold  and  platinum ;  so  that,  sup- 
posing either  of  these  metals  to  be  plunged  into  such  an  atmosphere,  they  would 
actually  float 

If  the  atmospheric  density  were  uniform,  a  barometric  fall  of  one  inch  would 
correspond  to  11,065  inches,  or  992  feet  of  air.  But  it  is  not  uniform,  as  we  have 
already  seen ;  therefore  such  deviation  from  the  standard  of  uniformity,  and  indeed 
many  other  circumstances,  must  be  taken  cognizance  of  before  we  are  enabled  to 
employ  the  barometer  as  an  indicator  of  atmospheric  elevations. 

The  law  of  Marriotte  teaches  that  the  dilation  of  a,  volume  of  air  is  propor- 
tional to  its  density,  so  long  as  the  temperature  to  which  it  is  exposed  is  constant ; 
-whence  it  follows,  that  the  density  of  the  atmosphere  diminishes  from  below  upwards 
in  geometrical  progression.  Eeasoning  on  this  basis,  it  appears  that,  assuming  any 
particular  elevation  above  the  point  of  observation,  its  numeral  exponent  may  be 
regarded  as  the  logarithm  of  the  density  of  the  lowest  atmospheric  layer,  or,  in  other 
-words,  of  the  barometric  column.  A  consideration  of  the  mutual  relation  subsisting 
between  numbers  and  their  logarithms  will  render  this  evident,  for  logarithms  are 
nothing  more  than  numbers  increasing  by  arithmetical  progression,  corresponding  to 
other  numbers,  the  increase  of  which  is  also  in  geometrical  pro^esaioii.    '^\xi%^^<«geKRSfc^  \ 
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of  a  table  of  logarithms  expressing  the  densities  of  atmospheric  layers,  one  might 
calculate  the  height  of  a  mountain  by  two  observations  made  at  two  stalioiis ;  hut  the 
same  result  may  he  arrived  at  by  using  a  common  table  of  logarithms,  and  multiplying 
them  by  a  constant  factor.     According  to  Deluc,  the  factor  is  10,000. 

l^fany  other  considerations  have  yet  to  be  taken  cognizance  of  befofe  the  haromefer 
can  be  accurately  applied  as  a  measure  of  mountain  elevations — they  are  temperature, 

latitude,  relation  subsisting  between  the  specific  gravities  of  air,  and  mercury  =  -fnis' 

and  dilation  of  mercury  for  cacli  degree  of  the  thermometer  =0  '0001  for  each  degree  of 
Fahrenheit's  scale.     All  these  general  considerations  have  been  embraced  in  tables. 

Although  the  circumstances  necessary  to  be  taken  cognizance  of  when  employing 
the  barometer  as  an  indicator  of  mountain  elevations  are  nniccrous  and  eomplieated, 
nevertheless  the  results  obtained  are  susceptible  of  a  considerable  degree  of  acemaey. 
Subjoined  is  a  table  of  comparative  results  between  trigonometric  and  barometric 
observations.     The  difference,  it  will  bo  seen,  is  only  trifling. 

COMPARISON  OF  THIQONOMETRIC  AND  BAAOMETBIC  MEA£UIL£MENT8   OF 
MOUNTAIN   HEIGHTS. 


01)server8. 


Place  of  Obaerrution. 


Latitude. 


I 


Webb  .     .  Gunna  Nath,  Stockdalej  29^  45'  66" 
Borda  .     .  Bagha  Ling,  Templo    ..  29'  47'  30" 

Yon  Buch.  Teneriffe '28^  30'     0" 

IDitto '         

Buckle      .Sugar-loaf,  Sierra  Leone     8'  29'  40" 
Sabine      . '  Ditto  ditto      .  .... 


Sabine      .'Spitzbergen 


I  Trigronome.     Barome- 
Longitade.         trie  height  i  trie  keight 
iafeet.      j    infieel. 


79«  30'  29" 

80'  2'  27" 

16^  13'     0" 

13'  ly    0" 


73'    0'    0"  I   10'    0'     0"  I 


6,828 

7,646 

12,188 

2,493 

i,644 


6^1 
7,635 

12,181 

2,621 
1,640 


When  an  approximate  result  is  alone  required,  and  the  height  is  inconsiderable,  a 

fall  of  i\yth  of  an  inch  may  be  alloMcd  for  every  ninety  feet  of  elevation,  or  -nftRj^  ^ 

an  inch  for  every  foot     This  rule  sufSces  for  the  small  differences  of  elevation  at  which 

barometers  are  hung,  and  enables  the  observer  to  institute  a  comparison  between  them. 

Correction  for  temperature  must,  however,  not  be  omitted.     The  ratio  of  expansion  for 

mercury,  glass,  and  brass — the  materials  employed  in  the  manufacture  of  barometeifi— 

will  be  pointed  out  hereafter ;  meantime  I  may  as  well  indicate  that  perhaps,  after  all, 

it  is  well  in  practice  to  ignore  these  complex  elements,  and  to  consider  -xi^^ths  of  an 

inch  OS  the  allowance  for  mercurial  expansion  for  every  degree  above  32,  and  wite  reria. 

Applying  the  above  corrections  for  temperature  and  pressure  to  practice,  let  it  be 

required  to  know  the  altitude  at  the  level  of  the  sea  and  at  32^  Fah.  of  29*666  inches 

of  mercurial  ccdumn  at  a  place  loO  foet  above  the  level  of  the  sea,  and  at  temperature 

65'  Fah.  Inches. 

Actual  height  of  mercurial  column   ......         29665 

3  23         69 

Deduct  for  23'  of  temperature  above  32  -— —  x  ^  =  r-rr-^    = 

lUOO         1  lUOO 

Altitude  of  mercury  .  .  .  .  .  =      . 

Add  for  elevation  *001  X  *160  .  .  .  .  =5      . 

AftftadaatleTdof  8e«,attempeTatiiTe32°  Fah.        .  .  s=      .  .        f9^^ 


•3Cf 

29*406 
•160 
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Tiu)  readti  will  remember  that  the  preyious  remarks  have  reference  to  the  barometer 
as  a£SBCted  bj  air  at  rest,  this  being  the  simplest  atmospheric  condition  which  theory  ean 
assume.  Hereafter  we  shall  discoYcr  that  the  barometer,  when  influenced  by  the 
atmosphere  in  motion — by  winds,  in  other  words — is  subject  to  influences  from  that 
cause. 

Further  Improvements  of  the  Barwnetcr, — The  barometer  in  its  simplest  form,  as 
already  desciibcd,  is  a  more  perfect  instrument  than  many  in  which 
simplicity  of  form  is  departed  from,  in  deference  to  portability  ;  never- 
theless it  is  not  quite  correct.  To  be  absolutely  correct  it  is  indis- 
pensable that  the  mercurial  level  in  the  basin  should  bear  a  constant 
ratio  to  the  mercury  remaining  in  the  tube,  a  condition  which  evidently 
cannot  be  obtained  in  the  instrument  just  described.  In  proportion  as 
mercury  descends  out  of  the  inverted  tube,  the  level  of  the  mercury  in 
the  basin  will  be  elevated,  and  to  the  extent  of  such  elevation  the 
indicatiDns  of  the  instrument  will  be  prejudiced.  Various  means 
are  had  recourse  to  for  lessening,  or  absolutely  removing,  this  evil. 
It  may  be  lessened  by  increasing  the  width  of  the  basin  to  such  extent 
that  the  ratio  of  elevation  of  the  mercurial  surface  may  be  so  greatly 
diminished  that  it  will  practically  cease  to  impart  errors.  It  may  be 
abooluidy  removed  by  one  of  two  devices.  One  consists  in  mounting 
tlie  receiving  basin  on  a  screw,  which,  by  elevation  and  depression, 
regulates  the  quicksilver  to  any  desired  level.  Such  is  the  contrivance 
of  M.  Fortin,  whoso  construction  of  a  bait)mcter  is  here  subjoined 
(Fig.  6) ;  but  more  usual  is  it  to  attach  to  the  barometer  a  long  scale 
hating  a  slide  motix>n,  so  that  the  lower  end  or  commencement  of  the  scale  may  be 

made  to  coincide  with  the  level  of  the  mercury  in 
the  basin.  Practically,  however,  the  basin  is 
usually  dispensed  with,  the  reservoir  for  mercury 
being  a  mere  extension  of  the  barometric  tube,  in 
some  cases  bulbed,  and  in  others  quite  plain.  Both 
these  fi^rms  of  construction  are  annexed  (Figs.  7,  8). 
The  Weaiher-ghiM. —  The  primary  and  only 
direct  function  of  the  barometer  is  as  I  have 
described.  Its  mcrcunal  column  indicates,  by  rising 
and  falling,  the  varying  weight  of  the  superin- 
cumbent atmosphere.  Very  frequently  this  direct 
function  is  taken  no  account  of ;  variation  in  the 
state  of  the  weather  being  all  which  the  observer 
desires  to  make  himself  acquainted  with.  Sub- 
serviently to  this  intention,  all  direct  rise  and  fall 
of  the  barometric  column  is  lost  sight  of^  ai^d 
the  indications  of  a  dial-plate  with  moveable  hand 
substituted.  Such  an  instniraent  is  termed  the  dial  ireather-glass,  the  constnietion 
of  which  is  as  follows :— T  (Fig.  9)  is  a  barometer  tube,  W  is  a  small  float  attached 
to  one  end  of  a  cord,  the  other  extremity  of  which  is  attached  to  a  small  weight,  N. 
From  this  arrangement  it  will  be  seen  that  every  rise  and  fall  of  the  real  barometric 
column  in  the  long  arm  of  the  tube,  will  correspond  with  a  parallel  fall  and  rise  \ 
of  the  meraarial  column  in   the  short   arm.     It  will  "be  veeii^  Ts^cK«cf<i«>  \tfs^  ^^ea  \ 
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nnall  floftt,  tr,  ia  raised  and  lowered,  how  the  pulley  M  will  be 
and  the  index-hand  .to  trayene  the  dial  plate  of  the  instrument, 
the  wheel  barometer  is  represented  in  Fig.  10. 

I  need  scaroel  j  indieate  that 
the  wheel  barometer  is  consi- 
dered, barometriealfyf  a  Tery  im- 
perfect instrument.  Not  only 
is  the  yarying  ratio  between 
the  mercurial  column  and  the 
level  of  the  mercury  in  the  re- 
servoir here  a^necessity,  the  yery 
index  motion  depending  upon 
it ;  but  the  presence  of  the  float, 
tr,  tends  also  to  embarrass  the 
free  ascent  and  descent  of  the 
column  of  barometric  mercury. 

Metnufaetw  of  a  Correct 
•SoTMNeter.— Not   to    render  the 

principles  concerned  in  the  barometer  complex,  I  hate 
hitherto  assumed  that  the  act  of  charging  a  tube  wift 
mercury  is  simple  and  free  from  difficulties.  Praetieallj 
this  is  not  so ;  many  precautions  haye  to  be  taken,  other- 
wise the  resulting  barometer  will  be  anything  but  eoneet 
Firstly,  the  tube  selected  must  not  be  too  small;  many 
instruments  are  rendered  incorrect  owing  to  n^jlect  of  this 
precaution.  The  internal  diameter  of  the  barometer  tube 
should  scarcely  be  less  than  a  quarter  of  an  inch;  tf 
may  be  eyen  more  with  adyantage.  A  small  barometer  tube 
prejudices  the  conectness  of  |the  instrument  in  two  re- 
spects. Firstly,  the  yariations  of  expansion  and  contrac- 
tion of  the  mercury,  due  to  yariations  of  temperature,  are 
more  considerable;  secondly,  the  motion  of  the  quicksilyer 
^-  ^^'  up  and  down  is  impeded  by  friction  against  the  g^asB. 

Hke  Mtremy  wnut  he  Fure  •nd  ieprittd  of  Almfapktrie  Air.—Menmj^  as  oommonly 
existing,  is  generally  impure.  It  contains  uncertain  quantities  of  tin,  lead,  and  some- 
times sine.  Of  course  these  admixtures  damage  the  mercury  for  barometric  purposes. 
The  obseryer  desires  to  read  off  his  atmospheric  pieaures  in  terms  of  inches  of  mercury, 
not  in  terms  of  inches  of  a  mercurial  compound.  It  is  indispensable,  therefore,  that 
the  impurities  be  discharged  or  extracted.  Yarious  processes  are  used  to  this  aid,  but 
the  process  usually  followed  by  makers  of  barometers  consists  in  agitating  the  mercni^ 
to  be  purified  with  dilute  nitric  acid,  which  gradually  dissolyes  out  the  extraneou 
metal  and  leaves  the  mercury  pure. 

Far  greater  difficulties  are  encountered  in  disdiarging  atmospheric  air  from  the  ncr- 
cury  employed.  This  is  accomplished  by  boiling  the  mercury  after  it  has  been  poored 
into  the  tube.  The  operation  requires  great  delicacy,  and  the  instrument  is  frequendj 
broken  in  the  operation. 

MHMoi  of  JmnTm^  ofBmromoirie  Imdumtmu  mrrM%.— It  is  not  posalUe  to  read  off 
£7  nfyning  to  a  eommon  KsXe  ct  in^bfift  vui  ^wta^  ^  \&slb«a  the  Tsrioiai  small  dsra- 
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tions  and  depresBions  of  a  barometric  column.    Two  methods  are  had  recourse  to  for 
obviating  thiS'difficulty :  one  is  the  diagonal  tube,  a  contrivance  altogether  peculiar  to 
the  barometer ;  the  other  is  the  Temier  or  no- 
nius scale,  employed  for  the  general  purposes  of 
facilitating  the  reading  of  minute  scale  divi- 
sions. 

The  diagonal- tubed  barometer  is  represented 
by  the  accompanying  diagram  (Fig.  11). 

The  Nonius  or  Vernier  Scale. — This  is  an  in- 
genious contrivance  for  measuring  small  linear 
divisions  by  means  of  larger  divisions,  and  con- 
sequently more  easily  recognizable  by  the  eye 
than  larger  divisions  would  be.  Thus,  for  ex- 
ample, by  means  of  a  vernier  graduated  in  divi- 
sions of  an  inch  and  one-ninth  we  can  read 
off  tenths  of  an  inch,  as  will  be  seen  by  re- 
ference to  Fig.  12. 

Let  A  be  a  scale  sliding  in  proximity  to  B* 
Let  each  of  the  divisions  on  B  be  =  one  inchi 
and  each  of  the  divisions  on  A  =  one  inch  and 
one- ninth.    From  these  considerations  it  follows 
that  nine  divisions  on  A  are  equal  to  ten  divisions  on  B.    Directing 
the  eye  to  the  upper  limit  of  A,  it  will  be  seen  that  its  edge  corres- 
ponds to  thirty  inches,  and  something  more  on  B.     In  this  case  the 
observer  would  have  no  difficulty  in  recognizing  the  amount  over 
and  above  thirty  inches  on  B  to  be  equal  to  four-tenths  of  an 
inch.    Our  scale  divisions  are  so  large  that  a  vernier  scale  is  not 
required  for  conveying  that  information.    But  assume  the  tenths 
division  between  30  and  31  to  be  obliterated,  still  we  shoiddbe  able 
to  discover  the  overplus  beyond  30  inches  to  be  four-tenths  by  means 
of  the  vernier  scale  A,  inasmuch  as  the  number  of  tenths  will  be 
equal  to  the  number  of  whole  parts  on  the 
vernier  scale  A  above  the  first  line  of  coin- 
cidence between  it  and  the  scale  B.    Now  the 
line  of  coincidence  in  question  is  at  26,  count- 
ing upwards,  from  which,  to  the  extremity, 
we   have    four   divisions,   which  indicate   a 
fraction  of  four-tenths  of  an  inch  over  and 
above  30  inches. 
Correction  of  the  Barometric  Column  for  CapiUarity, — If  mer- 
cury be  poured  into  a  glass  vessel,  it  will  not  furnish  a  perfectly 
level  surface,  but  will  be  elevated,  as  in  the  accompanying 
diagram  (Fig.  13) ;  or,  in  the  language  of  philosophy,  it  will 
coBstitate  a  meniscus ;   and  if  the  line  Y  be  dropped  perpen- 
dicular to  the  line  B,  joining  the  two  comers  of  the  meniscus, 
the  line  Y  will  constitute,  in  the  language  of  trigonometry,  the  -g^^  ^s. 

versed  sine  of  the  meniscus.    The  convexity  of  the  meniscoid  N 

surfiice  of  mercury  will  vary  in  proportion  as  the  diameter  oi  VSaa  \^i^i^  <«  Q^Qaat  ^^sswS^ 


Fig.  12. 
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contAming  the  tn^rcnrj  Tarlpa.    Hence  the  i^lovftnce  to  be  mad^  fur  disiizuitian  ef 
tbt  height  of  II  m^rcuriil  oolutniii  owing  to  enfiillttritj,  is  detormtned  by  twa  we- 

sidGratiaiij; — -the  iliamet^  of  the  tube,  wjd  tha  length  of  the  TierBGd  sine  of  the  ms- 
responding  mt^ntscup, 

Tho  necessity  fijr  auch  illowance  doc»  not  spptr,  ib  irill  heroaftor  be  Been,  to 
hftrometora  of  evt.-tj  form  ;  n cither  is  it  imperative,  bo  long  as  tlie  incfiGattonA  at 
one  barometer  are  to  be  compared  amotigat  tbemielTet ;   but  it  is  irtdispcnaable  if 

wo  wtJuLl  toraptro  tKe  indi- 
A  eationa  of  boTOTnetart  with  f  \f} 

cii^h  other, 

First,  let  xifi  con  alder  the 

eaaM  to  which  the  correction 

for  cftpillaritf  doea  fiot  iipply. 

It  do£?H  not  apply  to  uny  baro- 
meter^ the  rcactroii:  of  whioh 

onal  itutcs  pnrt    nf  tho  tube 

UslU\       Tho    necompanying 

diagram  (Fi^.  H)  rcpreaenti 

a  barnmeicr  of  gneat  ttibulnr 

diameter.      Two    ci4^nismi) 

Siirfu'-ei  of  raencufy  are  thert' 

appjirent — one  at  A^  another 

at  IL     Nfl^*  it  is  oTidenlthat 

the  efdnmnnr  inttirferonee  at 
A  will  be  cractly  ijqtinl  to  tht  columnar  interference  at  E,  provided  tho  tabular  diameter  be 
eq^ual  thrnngbouit.  llenee,  whi  tht  r  ilw  degree  of  eleralion  be  cotmted  from  the  mmmk 
of  the  lower  to  iha  aiimmit  t>f  the  npper  meniaeufT  or  from  thu  base  line  joining  the  tiro 
comers  of  the  lower  meniBcua  to  the  bate  line  joining  the  two  com  era  of  the  upper  onp, 
the  two  resulting  columns^r  cetimntiona  will  be  strictly  cqtial  and  comparable.  '  But  it 
is  different  when  the  idjAtrrerhaB  lo  do  with  baroifieters  eonstrui^ted  on  tho  original,  or 
Toricellian,  plan  of  a  separate  Teserroir ;  in  thiB  cubo  the  meniieoid  elevation  of  the 
mercury  in  the  rescrroir  (S  pract'cally  i pored,  being  so  inoonaidcrable  that  It  amonnti 
practically  to  notliin^,  aa  will  bo  seen  by  reference  to  the  accompanyiDg  dift^tm 
fFif.  15), 

Annexed  is  a  tmall  table  nf  deprcadoni  duo  to  eapfllsfity.  Larger  and  more  dabo- 
i^te  tables  have  bcm  eftlcukted,  but  tho  one  giTcn  will  b^&&  for,  pcrbape,  e^ety 
occasion.  The  meter irolngical  Eludent  cannot  have  the  fact  too  atrongly  impre^tcd  npco 
himj  howerer,  that  the  baroraeter  15  confeaBcdly  a  very  imperfect  iustmnient ;  therefore 
correct  results  from  harometric  obserirations  are  to  be  looked  for  as  the  mean  readtani  ' 
of  a  number  of  accumulated  obaerratioTiii,  rather  than  from  any  claboxtite  mttbem&tical 
tabulations  of  princi[>l€S,  correet  enough  in  tiiemeelvea  tbeoretijctlljj  but  whidi  da  noi  | 
admit  of  b^ing  realized  in  practice. 

In  the  record  of  some  huromctrical  abserrationfl,  we  find  engni^sftnce  t^en  nf  ,' 
thouEandtha  of  inchea.     Fntil  the  errors  which  attach  to  the  priitcTple  of  ^e  hamiiieter  | 
greatly  diminiah^  a  record  of  tbonBandth  of  inchea  GftEnotbeotbGrm^lscrogErded 
a  kind  of  philosophic  Effectation, 
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DEPHESSION  DVB  TO  CAPILT.ABT  ACTION. 

Diameter. 

Dopre»ion  in  Decimals  of  Inch. 

Hundredths 

of  inches. 

Ivory. 

Tounp. 

Laplace. 

6 

•2949 

•2964 

10 

•1404 

•1424 

•1394 

16 

•0866 

•0880 

•0854 

20 

•0683 

•0589 

•0580 

26 

•0409 

•0404 

•0412 

30 

;-0293 

•0280 

•0296 

36 

[•0212 

•0196 

•0216 

40 

•0154 

•0139 

•0159 

46 

•0112 

•0100 

•0117 

50 

•0082 

•0074 

•0087 

60 

•0043 

•0045 

•0046 

70 

•0023 

• . .  • 

•0024 

80 

•0012 

•0013 

Themial  Expansion.— I  havo  already  adverted  casually  to  the  condition  of 
ihermal  expansion  as  an  interfering  cause  in  all  estimations  of  true  barometric  columnar 
heights;  and,  by  anticipation,  I  havo  already  furnished  an  approximative  means  of 
making  allowance  for  it.  We  will  now  proceed  to  examine  more  narrowly  the  function 
of  thermal  expansion,  which  not  only  intioiately  concerns  the  barometer,  but  is  the 
fundamental  basis  of  the  thermometer,  and  besides  it  enters  as  an  element  into  so  many 
incteorologic  calculations,  that  a  thorough  investigation  of  its  laws  cannot  be  omitted. 
I  shall,  therefore,  embody  the  laws  of  thermal  expansion  in  a  few  propositions  for  suc- 
cessive  demonstration. 

Heat  may  be  regarded  in  the  two  senses  of  signifying  temperature,  or  that  sort  of 
heat  which  is  recognizable  to  the  sense  of  touch,  and  which  affects  the  thermometer ; 
and  heat  which  is  devoid  of  these  manifestations,  which  neither  creates  the  sensation 
of  warmth  nor  is  amenable  to  thermometric  demonstration.  The  former  we  may  express 
by  the  term  sensible  heat,  and  the  second  by  the  term  latent  or  insensible  beat. 

On  the  supposition  that  all  the  functions  of  heat,  sensible  as  well  as  insensible,  are 
referable  to  a  real  physical  agent,  the  term  caloric  has  commonly  been  applied  as  the 
representative  of  such'  agent ;  but  though  the  term  be  in  general  use,  it  is  perhaps  ob- 
jectionable— modem  science  leading  ns  to  infer  that  the  functions  of  heat  are  due  to 
a  condition  of  matter,  rather  than  to  a  separate  agency.  It  is  to  evident  heat,  recog 
sizable  to  the  touch,  that  I  shall  now  direct  the  reader's  attention. 

I.,  ffeai  affects  the  Volume  of  aU  Bodies. — The  general  effect  of  heat  on  bodies  is  fo 
cause  their  expansion.  So  general  is  this  rule,  tl  at  we  shall  do  well  to  consider  it  as 
luaiversal ;  treating  all  deviations  irom  it  hereafter  as  so  many  exceptions. 

II.  The  Volume  of  all  Solids  is  increased  by  increase  of  Seat. — This  proposition  is 
demonstrated  by  so  many  instances  commonly  occurring,  that  specific  experiments  are 
hardly  required.  The  wheel-wrighft  takes  advantage  of  this  property  to  bind  tightly 
together  the  wood- work  of  his  carriage- wheels.  He  heats  the  annular  tire,  by  which 
he  expands  it ;  he  then  slips  the  tire  over  and  around  the  wood- work,  and,  allowing  the 
tire  to  cool,  the  wood- work  is  tightly  braced  together  by  an  indomitable  force. 

Some  years  sicoe  the  walls  of  the  Conservatoire  des  ArU  et  Ket^er«^  ^'^vfv&^^^t^ 
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found  to  be  diverging  from  the  perpendicular.  They  were  restored  to  their  original  lines 
by  the  following  beautiful  expedient :— They  were  perforated  transversely,  copper  ban 
were  thrust  through  the  perforations,  each  bar  at  either  extremity  being  supplied  with 
a  nut  and  screw.  Every  alternate  bar  was  now  heated  by  means  of  a  spirit-lamp  flame ; 
being  heated  the  bars  expanded,  and  the  screw-nuts  being  now  turned  close  up  to  the 
wall  on  either  side,  the  bars  were  allowed  to  cool.  By  cooling  they  contracted,  pulled 
the  walls  to  some  extent  together,  leaving  the  ends  of  the  unheated  bars  protruding; 
their  screw-nuts  were  now  turned  close  up  to  the  wall  on  either  side,  and  the  heating 
process  repeated.  Thus  little  by  little  the  walls  were  restored  to  their  original  position. 
An  exemplification  of  the  expansion  of  iron  by  heat  sometimes  occurs  to  the  laun- 
dress.   Occasionally  she  is  surprised  to  find  that  the  heater  of  her  Italian  iron  will  not 

enter  its  correspond- 
ing sheath  when  red 
hot,  though  it  enten 
readily  enough  when 
cold.  This  is  attri- 
butable, as  the  stu- 
dent will  perceive^ 
to  the  efiEect  of  ther- 
mal expansion  on  the 
^^«-  ^^'  iron  (Fig.  16). 

Thousands  of  familiar  instances  might  be  cited,  all  illustrative  of  the  same  pro- 
perty. I  shall  leave  their  consideration  to  the  reader,  concluding  my  remarks  on  this 
part  of  the  subject  by  bringing  before  his  notice  a  common  lecture  experiment,  illustra- 
live  of  solid  thermal  expansion.  Let  G  (Fig.  17)  be  a  ^ 

gnage,  into  which  the  metallic  bar,  A,  accurately  fits,  ^mmmlmmmikmiiimfcimiiinl 

whilst  cold;  it  will  be  foimd  that  when  the  bar  A  is  HLwa^^^^i^M^iBawi^J 
heated — moderate  heating  will  suffice,  such  as  may  be  o 

accomplished  *by  means  of  the  flame  of  a  spirit-lamp,  Fig.  17. 

or  a  basin  of  hot  water — the  heated  bar  will  no  longer  fit  into  the  guage.  In  this 
way  the  student  may  demonstrate  the  fact  that  each  diflerent  solid  possesses  its  own 
definite  rate  of  expansion  for  equal  degrees  of  temperature. 

Investigations  of  the  law  regulating  the  thermal  expansion  of  bodies  under  every 
condition  are  attended  with  extreme  difficulty.  They  have  been  conducted  by 
Begnault,  Rudberg,  and  others,  with  great  industry  and  much  success ;  but,  as  in  most 
cases  where  the  investigation  of  natural  phenomena  through  long  ranges  are  concerned, 
the  results  are  merely  approximate.  To  give  the  reader  a  general  notion  of 
one  of  these  difficulties,  let  it  be  assumed  that  A  B  C  D  stand  for  successive 
equal  intervals  of  thermometric  graduation.  Let  it  be  assumed  that  the  rate 
of  expansion  of  a  substance  &om  A  to  D  be  known  to  be  equal  to  a  quantity 
expressed  by  Y.  It  by  no  means,  however,  follows — nor  do  philosophers  believe — that 
because  the  rate  of  expansion  of  the  body  between  A  and  D  is  equal  to  T,  therefore 

Y 
the  rate  of  expansion  of  the  same  body  between  A  and  B  is  equal  to  -^ 

o 

Further  consideration  of  this  matter  may,  however,  be  omitted  in  a  treatise  o& 
meteorology.    We  merely  want  to  be  acquainted  with  approximate  results  of  the  law, 
in  order  to  allow  for  praoUcal  discrepancies  between  the  apparent  and  the  actual  in-  , 
dications  of  the  instrumenlj  om^\o7oQL  m  >3ci.ft  ti^-vo^^  q1  wa  T^oAArches.  , 
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To  convey  a  general  notion  of  this  kind  of  knowledge  to  the  meteorological 
obseryer,  the  student's  attention  may  be  directed  to  the  fact  that,  supposing  a  barometer- 
scale  to  be  made  of  brass,  and  supposing  the  tube  to  be  filled  as  usual  with  mercury,  then 
the  amount  of  expansion  of  mercury  by  he^t,  and  for  which  allowance  has  to  be  made, 

-will  be  determined  by  the  ratio  ^rr-.  if  M  stands  for  the  co-efficient  ef  expansion  of 

mercury,  and  B  with  the  co-efficient  of  expansion  of  brass.  By  the  term  co-efficient  of 
expansion  is  meant  the  number  indicating  the  amount  of  expansion  peculiar  to  any 
body  for  given  ranges  of  temperature. 

III.  The  Volume  of  aU  Liquids  is  increased  by  increase  of  Meat. — Investigations  prose- 
cuted for  demonstrating  this  law  are  attended  with  a  difficulty  which  does  not  apply  to  the 
previous  case.  Liquids  require  vessels  to  hold  them,  and  these  vessels  are  themselves 
flonenable  to  expansion.  This  difficulty  has  been  very  ingeniously  avoided  by  MM. 
Petit  and  Dulong,  who  determined  the  expansion  of  liquids  by  a  method  founded  upon 
the  well-known  hydrostatic  principle,  that  the  vertical  heights  of  two  fluids  communi- 
oating  by  a  horizontal  tube  are  in  inverse  ratio  to  their  densities.  The  accompanying 
apparatus  (Fig.  18)  was  employed  in  their  experiments.  A,  B,  C,  D  is  a  tube  bent 
twice  at  right   angles,  and 

enlarged'at  either  extremity ;  A  o 

the  two  vertical  tubes  are 
oonnected  inferiorly  by  a 
horizontal  tube  of  exceed- 
ingly fine  bore.  By  virtue 
of  the  hydrostatic  law  just 
mentioned,  it  follows  that  if 
any  liquid  of  homogeneous 
density  be  poured  into  the 
vertical  leg  of  one  side,  it 
irill  rise  to  a  corresponding 
elevation  in  the  vertical  leg  of  the  other ;  and  if  the  fluid  in  one  vertical  leg  be  now 
heated,  and  consequently  expanded,  its  height  will  be  in  excess  of  the  columnar  height 
of  the  other  by  a  definite  quantity.  By  an  easy  train  of  mathematical  reasoning,  the 
expansion  due  to  heat  can  be  deduced  from  a  consideration  of  the  different  levels  and 
the  difiEerent  temperatures  of  the  two  vertical  tubes.  Our  diagram  represents  each 
Tertical  tube  surrounded  with  a  cylindrical  vessel.  These  vessels  are  for  the  purpose 
of  commanding  variations  of  temperature,  one  tube  being  filled  with  ice,  whilst  the 
other  is  filled  with  hot  water. 

By  an  experiment  of  this  kind,  the  co-efficient  of  thermal  expansion  of  mercury 
from  0  to  100  of  the  centigrade  scale  is  -^-^ ;  whence,  assuming  its  rate  of  expansion 
equal  throughout,  the  expansion  for  every  centigrade  degree  will  be  7^,  or  for  every 
degree  of  Fahrenheit  7^ ;  in  decimals  =  0000101 ;  or,  expressed  in  roimd  numbers, 
one  ten-thousandth  part  of  its  bulk. 

IV.  The  Volume  of  all  Oases  is  increased  by  increase  of  JJJffl^.— Though  the  considera- 
tion of  this  law  is  not  related,  like  the  two  preceding,  to  the  eonstruetim  of  the  baro- 
meter, it  is  intimately  connected  with  the  functions  of  that  instrument,  more  especially 
as  regards  its  application  to  the  measuring  of  elevations;  we  shall  do  well,  therefore,  to 
consider  it  at  once. 

It  has  already  been  remarked,  that  the  rate  of  expansiotiot  qXIl  «o'^<i\^Q^\«^^<^'c  ^^^ 
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increments  of  temperature  is  yarioiu ;  and  a  similar  remark  appliei  to  liquids.  The 
rate  of  expansion  of  gases  was  first  closely  investigated  by  the  immortal  IhdtoD,  who 
arriyed  at  the  conclusion  that  all  gases  were  equally  affiscted  by  equal  incremsots  of 
heat,  expanding  to  T^ryth  parts  of  their  volumes  at  32""  Fah.  for  each  of  the  18(f, 
between  32^  Fah.  and  212''  Fah.  As  regards  temperature  above  212°  Fah.  and  bdow 
32'  Fab.,  it  was  imagined  by  Dalton  that  the  same  law  of  expansion  held  good.  Vazioiu 
theoretical  reasons  exist  of  a  nature  to  create  a  doubt  as  to  the  large  generalization  of 
Dalton,  and  these  doubts  have  been  fully  substantiated  by  M.  Begnault.  He  finds  thst 
all  gases  do  not  dilate  to  the  same  extent  between  equal  limits  of  temperatare,  neitier 
is  the  dilatation  of  the  same  gas  between  tho  same  limits  independent  of  its  primitiTe 
density.  These  are  interesting  facts  :  they  prove  that  to  assume  one  oo-efiUcient  of  dila- 
tation for  all  gases  is  obviously  incorrect;  nevertheless  his  experiments  go  to  prove  that 
such  an  universal  gaseous  co-efficient  of  dilatation  may  be  adopted  for  convenience,  without 
appreciable  error,  within  tho  theoretical  limits  of  ordinary  experiment.  We  must  not, 
however,  continue  to  adopt  j^th  as  our  working  gaseous  co-efficient  of  dilatation  ftr 
every  degree  of  Fah.  between  32"*  and  212%  nor  ^,  as  subsequently  adopted  by  MM. 
Petit  and  Dulong,  but  -^i^. 

The  Atmosphere  Actually  or  Practically  Considered.-— We  have  hitherto 
regarded  the  atmosphere  as  a  compound  or  mixture  of  nitrogen  and  oxygen  gases  only, 
but  the  reader  need  not  be  informed  that  such  an  atmosphere  is  altogether  tiieoietioiL 
Besides  nitrogen  and  oxygen  gases,  there  always  exists  a  portion  of  carbonic  add,  abo 
aqueous  vapour,  either  visible  or  invisible.  These  are  invariable  components  ot  flie 
atmosphere,  indispensable  to  its  functions,  adapting  it  to  the  purpose  of  this  woild*t 
economy.  Tho  atmosphere  contains  also  other  materials,  the  results  of  local  operatioDS 
in  nature  no  less  than  the  operations  of  man.  As  the  subject  of  our  present  investi- 
gations, let  us  consider  the  atmosphere  as  a  mixture  of  the  theoretical  atmosphere  j^ 
aqueous  moisture  and  carbonic  acid. 

Limits  of  the  Atmosphere. — It  follows,  from  a  consideration  of  the  Ikws  of  elasticity, 
that  tho  atmosphere  must  vary  in  density  for  every  difference  of  elevation.  The  atmos- 
pheric layer  nearest  to  the  earth  must  be  pressed  upon  by  the  superincumbent  atmosphoe 
above  it ;  whence  the  deduction  follows,  that  when  we  speak  of  100  cubic  inches,  or  SNf 
definite  measure  of  the  atmosphere,  weighing  a  certain  number  of  grains,  certain  condi- 
tions and  limitations  are  implied.  Some  of  these  have  reference  to  the  composition  of 
tho  atmosphere  chemically  considered,  others  have  reference  to  the  atmosphere  merely 
regarded  as  an  elastic  medium.  To  the  latter  consideration  alone  the  reader's  attentioa 
will  be  now  directed. 

Seeing  that  the  atmosphere,  in  accordance  with  the  laws  of  elasticity,  must  oeees- 
sarily  expand  tho  higher  wo  ascend  above  the  normal  level  of  the  surface  of  our  globe— or, 
in  other  words,  tho  level  of  the  sea — the  first  question  which  arises  is  this— To  what  extent 
do  the  atmospheric  limits  reach  ?  does  the  expansion  go  on  ad  infinitam  to  the  ftrthest 
realms  of  space,  or  are  these  limits  definite  ?  and  if  definite,  what  is  the  cause,  or  whtt 
are  tho  causes,  of  limitation  ?  Two  theories  have  been  adopted  in  reference  to  thii 
question.  According  to  one  theory  the  atmosphere  is  illimitable ;  according  to  flw 
other  it  is  limited.  Some  of  the  arguments  for  and  against  I  shall  now  proceed  to 
give. 

If  the  atmosphere  bo  really  illimitable,  let  us  see  what  should  follow,  to  be  in  ao- 
oordanco  with  recognized  laws,  to  which  all  ponderable  matter,  or  matter  subject 
to  ^^vitating  influences,  ia  unen«V>VQ.    C3x;kV\VA.\xt^Ti  belu^  directly  as  the  mass  of 
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grftTitatmg  bodfce,  It  should  follow  tbatj  were  the  atniaapliere  illimitabli^^  each  of  tbe 
hearenlj  bodies  sbotild  bo  HurrouEded  with  on  atiDOsphere  proportloiiat©  to  ita  xoaai — 
an  asiumption  wliich  aBtronomy  disprorej*.  Thtia  nationotriy  fumisheB  itrong  proof 
in  favour  of  the  finite  extension  of  the  atmosphere.  A  con ei deration  of  the  laws  of 
tiie  atomic  oonatitution  of  matter  lends  further^  and  perhapa  atronger,  proo^. 
Cliemistry  h  full  of  evidence  itt  favour  of  the  atomic  confllitutlon  of  matter; 
Gtf  in  other  words,  is  full  of  proofs  that  all  material  substances  are  composed 
of  moleoulea  or  ptrticlea  ]  to  which  extent  thej  can  alone  h&  divided,  and  not 
b@7ond.  The  mathematical  reasoning  which  ha«  been  employed  against  thia 
fttomio  tlicorj,  as  cbemista  torm  it,  la  specious  at  a  Srat  glanco,  but  really  untenable. 
To  afgua  that  the  theoretioal  space  occupied  by  any  material  partido  may  bo 
Biipposed  capable  of  dmatoii|  aad  auh-di vision,  ad  in^niium^  is  really  not  to  the 
point,  Spaco  is  one  thing,  the  mutter  occupy mg  such  apace  is  another.  Tht 
mathematical  ohjection  touches  the  space  alooe^  not  the  matter  \  therefore  the  chemical 
evidence  in  favour  of  tHe  atomic  constitution  of  matter  is  unassweredj  and  is 
apparently  unanswerable.  Let  us  now  regard  the  consequences  of  this  assumption  aa 
it  relates  to  atmoapheric  air.  The  late  Dr.  "WoUaaton  waa  the  first  per&on  who 
directed  attention  to  the  limitation  which  ahould  theoretically  be  imposed  on  atraoa- 

flljtric  eipanaion,  siippoaing  the  assumption  of  its  atomic  constitution  to  be  correct. 

Tbe  atmosphere,  like  other  ponderahlo 

XDat^rial  bodies,  is  subject  to  gravitating 

influences,  thus  imparting  a  tendency  of 

descent  towards  tho  earth .   On  the  other 

Ixand,  the  atmosphere  being  elastic,  ita 

particles  are  mutually  separated  from 

eaoll  other   by  the    operation  of   this 

fbrc€.     Now,  assuming  the  atomic  con- 

stitatioii    of  the  atmosphere    to  hold 

^odf  there  muat  be  some  finite  distance 

l^om  the  earth's  surface,  at  which  the 

Ibrec  of   elasticity  would  bo  counter- 

l^aLanced  hj  the  force  of  gravitation, 

irMcih  distance  would  correspond  with 

the   farthest  limits  of  the  atmosphere, 

Tb©  mean  distance  of  this  limit  is  as- 

Bmncd    to    bs  about  forty- five    mHea, 

-gbimgh   it  must  differ  for  every  point 


^g.  lu. 


It0rtli  aiid  south,  being  greatest  over  the  equator,  and  least  at  either  pole,  as  indicated 
|>j  the  accompanying  diagram  (Fig.  119), 

The  reason  of  it  being  greatest  at  the  equator  ia  Immediately  referable  to  the 
ditimal  rotation  of  our  globe  on  its  axis,  thus  generating  a  ct:nlrifugal  force,  which 
lins  determined  the  oblate  spheroidal  form  of  the  earth.  Material  bodies  wiU  be 
^ected  by  this  centrifugal  force,  cmterh  paribus^  directly  as  their  attenuation,  whence 
Jt  follo\i'3  that  the  atEnosphere,  being  a  gas,  must  bo  affected  to  an  cxtremtj  degree*  It 
'^rill  be  suflflciently  evident^  however,  tbat  the  atmosphere  is  only  affected  by  the 
earth's  diurnal  rotation  intermediately,  or  hy  friction,  the  velocity  of  motion  imparted 
to  it  hy  the  earth  being  leas  considcTable  than  the  Telocity  of  the  ^«tt\Ji.  \W^.  ^«i  \ 
^oll  hereafter  find,  when  we  come  to  treat  of  tte  trade  winda,  lijLEtl  ^Jtie-t*  ^laTta^cGS?!^  \ 
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aerial  currents  are  not  altogether  referable  to  atmospheric  motion^  but  in  lome  degiree 
depend  upon  the  diurnal  motion  of  the  earth. 

Determination  of  the  Weight  of  a  given  Volume  of  Atmospheric  Air, — ^Nothing  eaa 
be  more  easy  than  the  theoretical  means  of  soWing  this  problem ;  and  though  oertam 
practical  difficulties  do  interpose,  we  had  better,  for  the  sake  of  theoretical  ezphmatioD, 
consider  them  absent. 

The  case  under  consideration  is  general,  not  specific.  The  determination  of  the 
weight  of  a  given  volume  of  atmospheric  air  is  accomplished  similarly  to  the  deter- 
mination of  the  weight  of  a  given  volume  of  any  other  gas ;  nor  does  it  difler  in  prin- 
ciple from  the  process  had  recourse  to  when  solids  or  fluids  are  concerned. 

If,  to  take  the  simplest  practical  case,  without  reference  to  cohesive  state,  it  wen 
desired  to  ascertain  the  weight  of  a  given  bulk  of  copper  or  brass — say  one  hundred 
cubic  inches — the  operator's  first  care  would  be  to  obtain  a  solid  of  copper  or  brass  having 
these  cubic  dimensions,  which  having  been  obtained,  no  vessel  for  the  purpose  of 
weighing  it  in  would  be  necessary.  This  is  the  simplest  case  of  bulk-weighing  wlddi 
can  occur ;  nevertheless,  a  condition  has  to  be  regarded  which  the  superficial  obserrer 
might  forget,  or  perhaps  not  be  aware  of.  The  copper  or  brass  alters  its  dimenriaoi 
for  every  variation  of  temperature.  If  heated,  it  will  expand ;  if  cooled,  it. will  eon* 
tract ;  so  that,  practically,  under  no  two  degrees  of  temperature  has  the  mass  of  hnm 
or  copper  the  same  size.  Practically,  so  long  as  solids  are  concerned,  these  vaiiatioDS  of 
size,  dependent  upon  variations  of  temperature,  are  not  of  much  consequence  in  ordinal^ 
operations  of  weighing.  It  is  necessary,  however,  to  estimate  them  for  other  reasons,  and 
to  tabulate  these  variations.  We  shall  have  occasion  to  refer  to  this  tabulation  hereafter. 

Let  it  now  be  assumed  that  the  problem  before  us  is  to  determine  the  weight  of  t 
given  bulk  of  liquid — say  water.  In  this  case  we  must  have  recourse  to  some  Tesael 
of  capacity  for  the  purpose  of  holding  the  water  to  be  weighed,  and  further  demeati 
of  complexity,  in  addition  to  that  of  temperature,  are  introduced.  Firstly,  the  veaiel 
employed  has  its  own  laws  of  expansion  and  contraction ;  secondly,  the  water,  when 
poured  into  the  vessel,  will  not  have  a  perfectly  flat  surface ;  so  that,  except  the  montii 
of  the  vessel  be  small,  an  error  of  considerable  magnitude  will  be  imparted ;  neither 
must  it  be  too  small,  or  the  functions  of  capillary  attraction  will  come  into  play,  and 
the  water  will  present  a  higher  level  than  properly  belongs  to  it. 

The  chief  source  of  inaccuracy,  however,  which  the  operator  meets  with  in  operating 
upon  solids  and  liquids,  is  that  dependent  on  the  variations  in  bulk  referable  to  thermal 
increments  and  decrements ;  any  alteration  due  to  variations  in  pressure  being  practi- 
cally ignored.  So  far  as  atmospheric  pressure  is  concerned,  which  is  the  only  kind  of 
pressure  we  need  take  cognizance  of  as  affecting  our  subject,  it  exercises  so  little  influence 
on  the  dimensions  of  solids  and  liquids,  that  we  may  put  it  altogether  out  of  considera- 
tion. Far  different,  however,  is  it  when  gases  are  concerned.  Their  attenuation  and 
elasticity  are  such,  that  variations  of  atmospheric  pressure  exercise  the  most  powediil 
influence  over  them ;  so  that  the  degree  of  atmospheric  pressure  operating  at  the  tine 
of  the  experiment  is,  at  least,  of  equal  consequence  with  the  degree  of  temperature. 

We  are  now  in  a  position  to  trace  the  theoretical  steps  necessary  to  be  floUowed  ia 
effecting  the  weight  of  a  given  volume  of  any  gas. 

Necessarily,  as  iu  the  previous  case,  a  vessel  of  capacity  is  required  ;  but,  inasmiiel 
as  a  gas  does  not  admit  of  being  poured  into  the  vessel  like  water,  some  practical  eipe- 
dient  for  accomplishing  this  must  be  devised.  We  had  better  omit  all  oonsideratioa  of 
thia  for  the  present,  and  asaxmiQ  \!h«.t  V)^«  ^oia^  ^\^<^  ^^nlL  be  a  globe  or  ^»^  hiving  a 
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neck  with  stop-oock  attached)  already  filled  with  the  gas  to  be  weighed,  at  a  definite 
temperature  and  definite  pressure.  This  accomplished,  the  operator  has  only  to  weigh 
bis  flask  full  of  gas,  deduct  the  weight  of  the  flask  from  the  total  weight  of  flask  and 
gas,  and  the  result  is  gained.  Practically,  however,  many  points  have  to  be  considered. 
The  Qa8  must  be  pure — ^Whether  gas,  or  liquid,  or  solid,  any  body,  the  weight  o^ 
which  we  desire  to  know,  must  be  pure ;  but  this  precaution  applies  in  the  highest 
degree  to  gases. 

The  Gas  must  he  either  dry  or  its  amount  of  moisture  must  be  definite, — The  property 
which  gases  have  of  taking  up  vapours,  especially  aqueous  vapour,  is  well  known ;  and 
it  will  readily  be  seen  that  to  the  extent  of  the  presence  of  such  vapour  will  the 
wreight  of  a  given  bulk  of  gas  and  vapour  mixed  fluctuate.  One  of  two  processes  has 
now  to  be  followed :  either  the  gas  must  be  artificially  dried  by  exposure  to  one  of  the 
hygroscopic  bodies  used  by  chemists  for  that  purpose ;  or,  it  must  be  saturated  with 
moisture  to  the  fullest  capacity  at  some  given  temperature. 

The  further  steps  of  the  calculation  are  based  upon  a  consideration  of  the  ratio 
between  the  specific  gravity  of  steam  or  vapour,  and  the  specific  gravity  of  dry  gas ; 
and,  lastly,  the  amount  of  vapour  which  a  gas  absorbs  at  a  definite  temperature. 
According  to  Gay  Lussac,  the  ratio  between  the  specific  gravity  of  aqueous  vapour  and 
air  under  similar  conditions  of  temperature  and  pressure  is 
0-620      =;  vapour 

1         =      atmospheric  air* 
The  amount  of  aqueous  vapour  which  an  unit  volume  of  gas  can  absorb  at  given 
temperatures,  has  been  ascertained  and  tabulated. 

Applying  this  knowledge  to  practice,  let  us  assume  that  100  cubic  inches  of  moist 
air,  at  60'  Fah.  and  30  inches  barometer,  weigh  31  grains,  it  is  required  to  know  how 
much  100  cubic  inches  of  dry  air  would  weigh. 

We  begin  by  turning  to  a  table  indicating  the  quantity  of  vapour  present  in  a  gas 
saturated  with  vapoiu:  at  any  given  temperature.  Dolton's  table  gives  this  quantity 
fbr  60'  Fah.  as  0*524.    "We  next  perform  the  following  calculation — 

30  :  0*5124  : :  100  :  1*747  =:the  volume  of  vapour  in  100  cubic  inches  of  moist 
air  at  eO'*  Fah. 
And  as  100  cubic  inches  of  aqueous  vapour  weigh  19  grains,  1*747  cubic  inches  weigh 
0*336£thof  agrain. 

Weight  of  100  cubic  inches  of  moist  air      .         .        31 
Deduct 0-3368 


30-6632 


Therefore  the  weight  of  100  —  1-747  =  98-253  cubic  inches  of  dry  air  =  30*6632 
grains,  and  98*253  :  30  6632  ::  100  :  31*214  grains. 

Whence  it  follows,  according  to  the  foregoing  calculation,  that  the  weight  of  100 
cable  inches  of  dry  air  at  30  inches  barometer  and  60°  Fah.  is  31-214  grains. 

Such,  then,  are  the  practical  operations  by  which  the  weight  of  a  known  volume  of 
^as  is  determined.  I  haveohosen  atmospheric  air  as  the  subject  of  illustration,  but  the 
processes  are  identical  whatever  the  gas  may  be. 

Although  the  result  of  the  calculation  just  effected  gives  31*214  grains  as  the  weight 
of  100  cubic  inches  of  atmospheric  air  at  30  inches  barometer  and  60°  Fah.,  and  although 
the  number  may  be  accepted  fbr  all  purposes  of  meteorologic  c^X(s\]\«\\c^T^<tTt<cs^^x?CDL<^<&«8^^^^  \^ 
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must  not  be  viewed  in  an  implicit  sense.    In  point  of  fact,  the  exact  weight  of  atnoi- 
phono  air  is  not  yet  made  out    Probably  the  determinations  of  KM.  Dumas  and  Boot-  . 
singault  are  most  reliable.    According  to  their  experiments  1  litre  or  61*02791  enbiB 
inches  of  air  at  0'  centigrade  and  0*76  metres  barometer  weigh  20*065  grains ;  whenesit  j 
follows  that  100  cubic  inches,  under  the  same  conditions,  must  weigh  31*093  graini  it 
eO'  Fah.  ! 

Barometrie  Pressure  at  the  time  of  Experiment  must  be  an  Element  of  ths  Calctiiatisn^  , 
A  consideration  of  the  laws  of  pressure,  as  influencing  the  volume  of  gases  and  v^m^ 
will  have  made  the  student  aware  that  due  allowance  requires  to  be  made  for  variatioBi 
referable  to  this  cause.  Now  we  are  acquainted  with  amount  of  expansion  and  eoi- 
traction  dependent  on  variations  of  pressure.  This  information  is  conveyed  by  a  staiy 
of  the  law  of  Marriotte,  which  proves  that  a  rule  of  proportion  will  furnish  the  infi»BS> 
tion  required.  Thus,  for  example,  suppose  we  have  100  measures  of  any  gas  sft  a 
pressure  of  29  inches  of  the  mercurial  barometric  column,  and  it  is  required  to  sseo^ 
tain  what  volume  the  gas  will  fill  at  30  inches  of  the  same — ^this  behig  the  nonnal 
pressure  to  which  all  calculations  as  to  the  volume  of  gases  are  reduced«>then  we  siy 
is  30  :  29  : :  100  :  96*66  | 

In  other  words,  the  100  volumes  of  gas  under  those  o<mditions  would  contract  into . 
90*66.  1 

Temperature  mtut  he  an  Element  of  the  Oaleulation. — ^When  it  is  considered  to  whit  | 
extent  gases  and  vapour  suffer  expansion  and  contraction  by  variations  of  temperatoic^ 
the  necessity  of  this  calculation  will  be  obvious.  I  have  already  explained  the  ratio  d 
thermal  expansion  to  which  gases  and  vapours  are  subjected  by  variations  of  te» 
peraturc.  Draetiealfy^  we  have  seen  at  page  466  that  ibis  ratio  may  be  considered 
identical  for  all  of  this  class  of  bodies,  and  to  be  equal  to  ^^th  part  of  their  bulk  it 
32"*  Fah.  and  30  inches  barometer  for  every  degree  of  temperature  between  32**  Fah.  and 
212"*  Fah.    Let  us  now  apply  this  information  to  practice. 

If  the  temperature  of  the  gas  be  above  32''  Fah.,  multiply  its  total  volume  by  491,  | 
and  divide  the  pn^iuct  by  491  plus  the  number  of  degrees  that  the  temperature  of  | 
the  gas  exceeds  32"  Fah.  The  numeral  result  of  this  operation  gives  us  the  coneet ; 
volume  the  gas  in  question  would  occupy  at  32^  Fah. 

For  example,  we  have  100  cubic  inches  of  gas  at  50**  Fah. ;  it  is  required  to  knov  ; 
what  volume  this  gas  would  occupy  if  raised  to  60""  Fah. :  thus  \ 

103  X  491 


491^     18 


=:  96*46  =  the  volume  at  32«  Fah. 


And  96*46  +  ^-^^^-f"^  =  101*56  =  the  volume  at  60. 

I^^sipitmlaiion  tmd  iWiM>/N»Nj;— It  appears,  then,  that  the  operation  of  weighiog  a 
g^s  demands  in  all  easos  that  due  allowance  should  be  made  for  variations  of  heat  and 
of  prt'ssure ;  and  if  the  gas  be  charged  with  vapour,  due  allowance  has  to  be  made  fbr 
mvMst\tri£»  al*^. 

Th*  Thaimom*t«v, — In  the  course  of  our  preceding  investigations  relative  to 
the  atnu>»phoi^,  wc  have  seen  that  temperature  is  an  important  element.  Not  only  an 
the  chemical  fVinetioas  of  the  atmosphere  intimately  related  with  temperature,  but  wift- 
out  K'ing  able  K^  take  cogniiance  of  the  expansion  produced  by  increments  of  heat,  tin 
mete\^rv>)\>gie  observer  is  unable  to  con^drehend  some  of  the  most  ordinary  physical  oon- 
iHtiiUta  «\f  the  atw\>«pherew  TTe  have  ahrtady  seen  that  tte  general  effect  of  heat^  ai 
n'jpivxia  alteratxv^n  of  d\?!^TiM<Aik  \s  ^xvaaoMSu    \t  \hA  anonnt  of  this  cxnanrioa  be 
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determined  for  any  particular  range  between  fixed  points,  and  the  linear  extension  or  space 
thus  intercepted  be  divided  into  smaller  spaces,  each  of  these  becomes  a  representatiye  of 
heat  or  temperature.  Supposing  we  assume  the  temperature  at  which  water  freezes 
to  be  our  starting  point  or  first  limit,  and  the  temperature  at  which  water  boils  to  be 
our  other  limit ;  and  supposing,  furthermore,  we  assume  the  space  between  the  two  to 
be  divided  into  any  given  number  of  parts— say  for  example  180— then  we  may  de- 
aoribe  any  third  body  the  temperature  of  which  is  between  the  temperature  of  freezing 
and  the  temperature  of  boiling,  to  be  one,  two,  or  any  number  of  parts  above  the  former  or 
below  the  latter.  Thus,  by  applying  these  principles,  we  should  have  constituted  the 
thermometer  or  heat-measurer.  If  the  rate  of  expansion  of  any  one  body  for  given  incre- 
.ments  of  temperature  were  regular  and  well  determined,  there  would  be  no  theoretical 
difficulties  in  the  way  of  making  a  thermometer ;  practical  difficulties  there  would  be, 
but  the  hypothetical  part  of  the  task  would  be  sufficiently  easy.  It  so  happens,  however, 
that  the  Jkumber  of  expansive  agents  capable  of  employment  for  this  purpose  is  limited. 

The  earliest  thermometer  was  that  of  Sanctorini.  Its  construction  is  represented  in 
the  annexed  diagram.  A  glass  stem,  open  at  one  extremity,  is  terminated  at  the  other 
by  a  bulb  (Fig.  20).  Into  the  bulb  and  a  portion  of  the  tube  is 
-poiired  a  coloured  fluid,  which  being  done  the  stem  is  inverted 
into  the  lower  vesseL  By  virtue  of  the  ordinary  laws  of  by  dro- 
atatics,  the  level  of  the  fluid  in  the  stem  will  remain  constant 
for  every  constant  temperature ;  but  inasmuch  as  every  incre- 
ment of  heat  will  cause  the  air  contained  in  the  bulb  to  ex- 
pand, so  will  it  necessarily  cause  the  coloured  fluid — which  latter 
merely  serves  as  an  index— to  descend  in  such  manner  that  were 
•the  ratios  of  successive  equal  linear  measures  of  descent  equal, 
the  instrument  would  be  a  no  less  delicate  measurer  of  varia- 
tions of  temperature  than  it  is  a  delicate  indicator  of  the  same. 
For  certain  reasons,  now  to  be  described,  it  is  not  a  delicate 
heat-measurer.  Its  successive  lineal  columnar  measurements 
are  not  comparable  among  themselves ;  whence  it  follows  that 
the  instrument  is  not  a  thermometer  or  heat-measurer,  but  a 
thermoscope  or  heat-indicator. 

Concerning  the  reasons  wherefore  the  instrument  just  de- 
scribed is  not  a  perfect  instrument,  they  readily  admit  of  beiag 
made  evident.  They  are  immediately  referable  to  the  fact  that 
the  coloured  fluid,  which,  according  to  the  necessities  of  the  ex- 
periments should  be  dynamically  passive,  is  really  active.  Its 
-activity,  moreover,  is  a  variable  quantity.  If  the  coloured 
fluid  were  merely  an  index  having  no  dynamical  power  of  its 
own,  then  the  total  increments  of  expansion  and  contraction  of 
the  air  contained  in  the  bulb  and  part  of  the  stem,  would  be 

proportionate  to  the  increments  of  heat  and  cold  within  so  small  a  deficit  of  the  truth 
(see  page  458}  that  the  error  need  not  enter  into  calculation ;  but  examination  of  the 
•tracture  of  the  instrument  will  show  wherefore  this  cannot  be  so.  AetmUy  the  total 
expansion  of  the  air  in  the  bulb  is  the  resultant  of  two  forces — the  force  of  aerial  elasticity 
due  to  heat,  and  the  force  of  pressure  or  downward  tendency  of  the  columnar  liquid. 
Inasmuch,  therefore,  as  the  columnar  height  of  the  liquid  in  question  varies  for  every  . 
temperature ;  and  inasmuch,  moreover,  as  the  rising  and  fal\\n%  Ql>i)cL<&\^n^V\&.^^  x^siiSL-  \ 
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voir  or  lower  reoeiying  yessel  also  confiuei  the  result,  the  reason  will  be  sufficiently 
eyident  wherefore  the  heat-determining  instrument  of  Sanctorini  is  not  a  corzect 
measurer  of  temperature. 

ITie  Difftrmtial  Thermometer.— KI^om^  yarious  forms  of  air-thermometers  are 
occasionally  used  in  conducting  certain  specific  experiments,  their  use  is  rare.  Almost 
the  only  form  of  air-thermometer  in  frequent  use  is  the  differential  thermometer,  an 
instrument  the  function  of  which  is  to  determine  the  difference  between  the  tempehtture 
of  any  two  adjacent  bodies,  or  of  the  adjacent  parts  of  any  one  body,  without  informing 
the  obseryer  concerning  the  actual  temperature  of  either. 

The  differential  thermometer  is  represented  by  the  accompanying  diagram  (Fig  21). 
It  consists  of  a  glass  tube  haying  a  bulbtilar  expanuon 
at  each  extremity,  and  joined  by  a  stem  bent  on  itself 
twice  at  right  angles,  so  that  the  two  biilbs  look  up- 
wards. During  the  process  of  manufacturing  this 
instrument,  whilst  one  of  the  bulbs  was  yet  undosed, 
liquid  was  poured  into  the  instrument  just  enough  in 
quantity  to  reach  a  little  way  up  the  yertical  part  of 
the  stems ;  each  of  these  y^iieal  parts  were  now  sup- 
plied with  a  scale-diyision  of  equal  lengths  or  degrees. 
Looking  at  this  instrument,  the  obseryer  will  readily 
see  that,  supposing  the  tension  or  expansiye  force  of 
the  atmosphere  in  each  bulb  to  be  equal,  the  index 
fluid  in  the  stem  will  stand  at  precisely  the  same  eleya- 
tion  in  both  yertical  stems  ^  but  supposing  the  air  in 
^  one  bulb  to  become  heated  to  a  higher  degree  than  the 
air  in  the  other ;  supposing,  in  other  words,  its  expan- 
sion to  be  greater,  the  corresponding  cokunntir  height 
^      *  will  be  diminished,  and  necessarily  the  opposite  columnar 

height  will  be  raised.  Hence  the  difference  between  the  two  columnar  heights  will  be  that 
of  the  temperature  of  the  two  bulbs  expressed  in  equal  parts  of  colunmar  measurement 
ThermMntter  tieaUs,  and  Ordinary  Tkermomeiere. — ^The  liquids  ordinarily  employed 
in  the  manufacture  of  thermometers  are  mercury  and  alcohoL  The  former  is  preferred 
to  all  others,  when  its  use  is  practicable,  on  accoimt  of  the  comparatiyely  equal  expan- 
sion to  which  it  is  subject  for  equal  grades  of  temperature.  In  the  manufSscture  of 
thermometers,  howeyer,  intended  to  be  employed  for  the  measurement  of  temperatures 
below  the  freezing  point  of  mercury,  that  4uid  is  necessarily  inapplicable.  Spirit,  or 
alcohol,  has  neyer  been  frozen  by  the  most  intense  cold  yet  produced,  therefore  it  is 
substituted  for  mercury  on  such  occasions.  I  shall  now  proceed  to  detail  the  suocessiTe 
steps  in  the  manufacture  and  graduation  of  thermometers. 

Under  the  head  of  Barometer  the  inconyenience  was  pointed  out  of  using  a  g^ 
tube  of  small  diameter,  because  of  the  interference  resulting  from  the  expansion  and 
contraction  of  mercury  by  heat.  Now  that  which  is  a  cause  of  embarrassment  in  the 
barometer,  is  the  function  on  which  the  action  of  the  thermometer  depends.  It  follows, 
therefore,  that  in  proportion  as  the  bore  of  a  thermometer  tube  is  more  small,  ao  is  the 
resulting  instruments  more  delicate,  because  greater  linear  increments  of  expansum 
will  be  generated  for  giyen  amounts  of  temx>erature.  Necessarily,  howeyer,  it  happens 
in  practice  that  if  the  diameter  of  the  tube  and  the  diamet^  of  the  meitmrial  coliunn 
contained  in  the  tube  be  smallet  than  eertain  limits,  it  is  difficult  to  be  seen.    It  is 
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hardly  neoessarj  to  indicate,  moreoyer,  that  the  length  of  linear  expansion  may  be 
increased  to  any  given  limit  by  increasing  the  dimensions  of  the  corresponding  bvlb, 
or  mercurial  reserroir.  Practice  alone  can  determine  the  proper  relation  which  should 
subsist  between  the  bore  of  a  thermometer  tube  and  its  correq)onding  bulb. 

The  following  directions  for  the  manufacture  of  a  thermometer  are  not  intended  to 
cause  the  meteorological  student  to  usurp  the  functions  of  the  mathematical  instru- 
ment-maker ;  on  the  contrary,  they  are  intended  to  make  known  to  him  the  defects 
which  he  should  look  for  in  a  thermometer,  and  which,  if  discoyered,  should  cause 
the  thermometer  to  be  rejected. 

The  tube  must  be  equal  in  bore  throughmt, — If  the  bore  or  diameter  of  a  thermometer 
tube  be  not  equal  throughout,  it  is  evident  that  the  amount  of  linear  expansion  cannot 
be  equal,  and  that  the  instrument  will  be  absolutely  worthless.  A  very  easy  means  of 
guaging  this  equality  is  the  following : — Having  selected  a  piece  of  thermometer  tube 
open  at  both  ends,  tie  on  to  one  extremity  a  rigid  bottle  of  india-rubber,  and  dip  the 

other  end  in  mer- 
cury,  thus    (Fig. 

22).    Pressing  the 

bottle,  a  portion  of 

the  atmospheric  air 

will  be  expelled; 

then  allowing  the 

bottle  to  expand, 

some  mercury  will 

enter,   forming    a 

mercurial  column, 

the  length  of  which 

admits    of    being 

measured.     Let  it 

be    measured   by 

means  of  a  pair  of 

compasses  ;    then 

let  the  mercury  be 

driven  to  various  ■ 

parts  of  the  tube, 

and  the  measure- 
ments repeated.  If 
the  tube  be  of  equal  bore  throughout,  the  mercurial  column  will  necessarily  be  of  equal 
length  throughout :  this  is  evident.  If  the  tube  stand  this  test,  it  may  be  considered 
good.  Instead  of  the  india-rubber  bottle  the  breath  might  be  employed,  but  it  would 
be  attended  with  the  disadvantage  of  moistening  the  tube.  However,  it  is  possible  to 
use  the  breath  without  prejudice,  if  the  operator  take  the  precaution  of  blowing  through 
some  material  absorptive  of  moisture.  The  next  step  in  the  manufacture  of  a  thermo- 
meter consists  in  fusing  one  end  of  the  tube,  and  blowing  it  into  a  bulb ;  this,  again, 
should  be  effected  by  means  of  the  caoutchouc  bottle,  lest  moisture  be  introduced. 
Meroury  has  now  to  be  introduced,  which  is  accomplished  as  follows  :— 

The  thermometer  tube  having  been  bent  as  represented  (Fig.  23),  its  open  extremity 
is  immersed  in  a  vessel  of  mercury.     Heat  being  now  applied  to  the  bulb,  the  aiz   k 
therein  contained  is  expanded,  and  the  heat  being  removed  «l  ^TO>A.^^^>gsi\a3xx^^>^^^>  \ 


Fig.  22 


Fig.  23. 
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to  fill  which  mercory  nuhes  ixL  By  repeating  the  operation,  the  meroury  already 
contained  in  the  bidb  is  yapourized,  and  the  yaponr  expanding  drives  out  all  the 
remaining  atmoepherio  air,  so  that  on  the  remoTal  of  heat  the  whole — tabe,  bulb,  stem 
and  all— becomes  filled  with  mercury.  The  bent  part  of  the  tube  is  now  broken  o£^  and 
j  liie  final  quantity  of  meroury  duly  apportioned  to  the  tube.  The  amount  of  this 
apportionment  can  be  only  determined  by  practice ;  but,  in  general  tenns,  it  may  be 
described  as  being  such  a  quantity  that,  at  the  boiling  point  of  mercury,  it  shall  nesilj 
extend  to  the  extremity  of  the  tube. 

The  next  process  is  one  of  extreme  delicacy.  It  has  for  its  object  the  sealing  or 
melting  the  open  extremity  of  the  thermometer  tube,  without  admitting  the  slightest 
portion  of  atmoepheric  air,  the  presence  of  which  would  materially  interfere  with  the 
delicacy  of  the  instrument.  The  operation  is  conducted  as  follows : — The  open  end  of 
the  tube  having  been  melted  in  the  blow-pipe  flame,  is  drawn  out  to  a  fine  terminatioo, 
thereby  diminishing  still  further  the  internal  bore  of  the  tube,  and  rendering  the  final 

b  occlusion  of  its  orifice  more  easy. 

The  mercury  in  the  bulb  is  now 
heated  once  more,  and  at  the 
very  instant  whea  it  is  seen  to 
fill  the  tube  and  to  be  in  the 
act  of  oyerflowing  the  capillary 
extremity,  the  tube  is  closed  by 
the  fine  jet  of  blow-pipe  flame  b 
(Fig.  24).  It  only  now  remains 
p..    24  to  graduate  the  thermometer. 

Oraduatum, — ^The  instrument 
just  described  is,  in  its  present  condition,  a  thermoscope,  or  indicator  of  heat ;  but  it  is 
by  no  means  a  heat-measurer — to  convert  it  into  which  it  requires  to  be  graduated 
into  a  determinate  number  of  equal  parts.  These  parts  are  usually  called  degrees;  but 
it  must  be  remembered  that  the  so-called  degrees  have  no  ratio  whatever  to  any  parti- 
cular unit.  They  are  not  like  the  degrees  on  the  circumference  of  a  circle,  each  one  of 
which  is  related  to  the  trigonometrical  ratio,  or  the  ratio  of  the  circumference  to  the 
diameter.  Thermometric  degrees  are  altogether  arbitrary,  except  in  so  much  as  certain 
usages  in  this  respect  obtain.  This  much  is,  however,  invariable  and  universal — the 
divisional  parts  or  degrees  must  be  established  between  certain  limits  fixed  by  nature. 
The  limits  usually  imported  into  the  manufacture  of  thermometers  are  the  boiling  and 
the  freezing  of  water,  which  phenomena  always,  under  similar  conditions,  take  place  at 
similar  respective  temperatures.  Founded  on  the  bases  of  these  limits  three  principal 
scales  of  graduation  have  been  devised.  They  are  the  centigrade  scale,  or  scale  of  Celsius, 
the  scale  of  Beaumur,  and  the  scale  of  Fahrenheit.  The  latter  is  mostly  used  in  this 
country ;  the  former  is  chiefly  adopted  on  the  Continent. 

Let  us  commence  our  illustrations  with  the  centigrade  scale,  as  beiAg  moat  easy. 
The  term  centigrade  seems  to  be  significant  of  a  hundred  divisions.  La  p(»nt  of  &ct, 
the  centigrade  scale  has  for  its  0,  or  zero,  the  temperature  at  which  water  freezes,  and 
for  its  100  the  temperature  at  which  water  boils ;  the  intermediate  space  being  divided  into 
1 00  equal  parts.  And  if  it  be  desired  to  carry  the  graduations  above  or  below  the  guage 
limits,  this  is  accomplished  by  measuring  off  equal  parts  by  means  of  a  pair  of  compasses* 
Beaumur's  scale  has  also  its  zero  point  at  the  elevation  of  mercurial  coluBm  cones- 
ponding  with  the  freezing  point  oi  w&\et,  W\.  «^\Vi^  o^ex  extremity  of  its  scale  the 
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boiling  point  of  water  is  oonBidered  to  indicate  80 ;  hence  the  intermediate  space  is 
diTided  into  80  equal  parts.  The  appended  diagram  (Fig.  25}  will  render  evident  the 
peculiarities  of  the  ordinarily  employed  thermometric  scales. 

Conversion  of  One  BytUm  of  Oraduation  to  Another, — This  conyersion  of  thermo- 
metric scales  is  frequently  necessary.  The  rules  for  effecting  the  conyersion  are 
evident  on  reflection  ;  nevertheless  it  is  well  to  reduce  these  rules  to  general  formul». 
If  all  these  scales  counted  their  zero  from  the  same  point,  the  method  of  converting 
one  scheme  of  graduation  into  another  would  be  still  easier  than  we  find  it.  Actually, 
some  little  confusion  at  first 
arises  from  the  circumstance  that 
Fahrenheit's  zero  is  placed  not 

at,  but  below  the  freezing  point  Water  boils    ....      lU'i'  \joo* 

of  water. 

Conversion  of  Fahrenheit  to 
Centigrade  Degrees,— ^h.e  propo- 
sition is  evident  that  one  Fah- 
renheit degree  is  equal  to  five- 
ninths  of  a  centigrade  degree, 
inasmuch  as  the  number  of 
Fahrenheit  degrees  between  the 
freezing  and  the  boiling  point 


.32» 


M' 


Water  freezes     .    .    . 

Cold  produced  by  mix- 
ture of  ice  and  salt  . 

"~)E 

J?ig.  26. 
is  to  the  number  of  centigrade  degrees  for  the  same  space  as  unity  to  five-ninths,  aa 
is  seen  to  be  established  by  the  following  proportion : — 

F.  C.       F.  C. 

(212  —  32)  =  180  :  100  : :  1  :  i«^=r  J; 
whence  it  appears  that  we  may  convert  Fahrenheit  degrees  into  their  centigrade 
equivalents  by  first  subtracting  32%  which  leaves  180 ;  then  multiplying  this  number 
by  five,  and  dividing  by  nine,  as  in  the  following  proportion ; — 


212-32  = 


180  X  6       900 


9 


=  ^=100. 


Conversion  of  Centigrade  to  Fahrenheit  Df^rfM.— Inasmuch  as  each  centigrade  degree 
is  longer  than  a  degree  of  Fahrenheit  in  the  ratio  of  {  to  one,  liierefore  the  former 
may  be  reduced  to  the  latter  by  multiplying  by  nine,  dividing  by  five,  and  adding 
thirty-two.  The  truth  of  this  operation  may  be  readily  demonstrated  by  working  on 
the  number  100,  which  should  give,  if  the  rule  just  enumerated  be  correct,  212  :— 
100^  =  180  +  32  =  212°  F. 

The  examples  just  given  illustrate  the  process  of  calculation  when  positive  degrees 
or  degrees  above  zero,  thus  (-)-),  are  concerned.  Exactly  the  same  rule  has  to  be  followed 
when  negative  degrees  ( — )  are  in  question,  although  the  rule,  when  stated  in  common 
terms,  appears  to  be  different,  inasmuch  as  following  the  diction  of  arithmetic  the 
operator  must  be  told  to  subtract  32.  An  example  will  render  this  more  evident. 
Suppose  we  require  to  represent  5°  below  zero,  or  —  6°  of  C,  by  its  eqtdvalent  F. 
Now  the  number  32,  with  9  subtracted,  gives  23°  for  remainder.  Viewing  all  the 
steps  of  the  calculation  involved  algebraically,  it  will  be  found  that  the  rule  of  adding 
32  has  been  implicitly  followed ;  a  negative  6  however  (—  6)  yields  in  the  following 
operation  a  negative  9  (—  9),  which,  being  added  to  -|-  32,  is  equivalent  to  «»!^1t^^^cce^% 
a  positive  9  (4-  ^).    For  example — 
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—  «X» 


— _45 


=  —p  —  — 9  +  32  =  +  23. 


T))o  rirbui  iWpi  for  the  reductioQ  of  one  ejfttem  of  thermQmeUic  degreei  lo 
inutliofi  uro  ovinprobeiidcd  m  ^g  appended  fonnulai  ^ — 

Fabrqnhdt  to  Cbntigmde, 


9 


=  a 


Cunttgrado  io  Wahrenheitf 
Euaumur  to  Fihratilieit, 


C.  x9 


+  32  ^  F. 


F.  —  32  X  4 


=  E. 


IL  X9 


+  32  =  F. 


7%^  Htp^tft'  7'hfrnKimfter.—JhQ  greatest  difficulty  attendant  upon  the  tue  of  the 
tJn'UMfc^im^Irr  for  niett'oitjlogie  observntions,  b  referable  to  the  neceaaity  of  fr&quent 
r\nuLtimtiivn.  To  obviate  in  iome  measure  tbe  neeessltj  for 
thin,  tln^  iittitruii»i<nt  etiUiHl  the  M^ffiMitr  Tkti-motmttr  hjii  been 
ih^vtuiHt  ->Aii  Uiwirumt'nt  wbich  di^penda  for  its  action  cm  t]ia 
tr*vi*wtiHH  0t  tiro  »ttH*l  bari  in  tbe  bop©  of  the  tub*,  eadi 
|trii«*t4  forward  hy  the  «»i«nelon  of  a  liquid  column-  An 
iiiiilmmt'nt  of  thi»  kind  la  rppre«etitrd  m  Fig.  26.  Tbe 
iv||iil«>r  tbt^rnuuiu'ti.T  i«  ac<< urate  ooeugh  in  i^  indieatknu  to 
•^vni<i  VN>Hgh  |^nrp0«Mi,  but  it  k  by  no  oeans  idaptad  to  mpii'- 
a(Nl«  tbi>  u«^  0f  tJit'ntK^mvti^ra  of  ordinary  constr^cdpn. 
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action  of  the  instrument  will  be  obvious.  Variations  of  temperature  producing  varia- 
tions of  curve,  will  cause  the  spiral  to  unfold,  or  contract,  according  as  the  varia- 
tions are  towards  the  direction  of  increased  heat  or  increased  cold.  The  metals 
employed  in  making  the  spiral  of  Breguef  s  thermometers  are  platinum,  gold,  and 
silver.    Experiment  has  demonstrated  that  the  needle  of  this  instrument  travels  over 


f 


Fig.  29.  Big.  80. 

equal  arcs  for  equal  increments  of  temperature;  hence  Breguet's  thermometer  is 
not  only  comparable  with  itself,  but  with  all  other  instruments  on  the  same  construc- 
tion. Unfortunately  this  delicate  instrument  has  no  great  range  of  application,  its 
indications  being  limited  between  the  freezing  and  the  boiling  points  of  water  (Fig.  29). 
The  Thermoscope  of  Nohili. — By  far  the  most  delicate  indicator  of  fliinute 
increments  and  decrements  of  temperature  is  an  instrument  founded  on  principles 
totally  different  to  any  already  described.    The  electrical  thermoscope  of  Nobili  admits 


Fig.  3U 


of  being  thus  described :— The  action  of  the  instrument  is  based  upon  the  fundamental 
fact  of  eleotro-magnetism,  viz.,  that  a  magnetic  needle,  fteeVj  WMB"g«i^^«^^$^^^ 
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the  yicinity  of  an  eleetric  oarrent,  finally  arranges  itself  at  right  angles  to  that 
current.  Hence  the  deflection  of  a  magnetio  needle  heeomes  indicatiTe  of  the  eTktence 
of  such  current.  Founded  on  the  consideratioB  of  this  fact,  we  lunre  the  instrumoit 
termed  the  galranometer,  which,  in  its  sioiplest  lorm,  is  represented  by  Fig.  30 ;  and  a 
still  more  delicate  construction  of  which  is  represented  in  the  woodcat  oai  the  previous 
page  (Fig.  31). 

It  remains  now  to  remark  that  heat  is  a  fruitful  source  of  electricity,  especially 

when  heat  is  applied  to  one  end  of  a  mechanical 
arrangement  of  alternate  ban  of  two  metals,  such 
as  bismuth  and  antimony,  as  represented  in  the 
accompanying  diagram  (Fig.  32). 

In  order  to  render  the  combination  of  metaUie 
bars  more  compact,  they  are  usually  arranged  in 
a  bundle  as  represented  below  (Fig.  33). 
Fig.  32.  Very  few  words  will  now  render  oompre- 

hensiblo  to  the  reader  the  structure  and  functions  of  the  thermoscope  of  Nobili  A 
bundle  of  bismuth  and  antimony  redu- 
plications, as  just  described,  being 
placed  in  communication  with  a  gal- 
yanometer,  the  magnetic  needle  of  the 
latter  is  ready  to  be  deflected  on  the 
first  occurrence  of  an  electric  current, 
and  such  electric  current  is  a  direct  consequence  of  the  ^>plication  of  heat  to  one 

extremity  of  the  system  of  compound 
metallic  bars.  The  annexed  diagram 
(Fig.  34)  represents  the  thermoscope  of 
Nobili,  as  employed  to  indicate  smsU 
increments  of  radiant  heat  eyolved  from 
the  little  lamp  on  the  left,  and  trans- 
mitted through  the  central  diaphragm. 

Connderatum$  Meapeeting  the  U»e  nf 
ThermomeUri. — Much  that  is  inoonect 
passes  current  respecting  the  functions  <d 
the  thermometer^^the  accuracy  to  which 
^'     '  it  is  susceptible,  and  the  spontaneous  de- 

teriorations to  which  the  instrument  is  subject.  A  few  words,  therefore,  on  these 
matters  may  be  advisable. 

Let  us  assume  the  thermometer  under  consideration  to  be  a  mercurial  thermometer; 
let  us  assume  that  the  mercury  used  was  absolutely  pure,  that  the  tube  was  proved  to 
be  of  equal  bore  throughout,  that  the  process  of  sealing  was  accomplished  without 
permitting  the  ingress  of  the  slightest  amount  of  atmospheric  air;  let  ns,  finally, 
assume  thai  the  tube  has  been  accurately  graduated^such  an  instnunent  may  be 
regarded  as  free  from  all  errors  of  construction. 

Nevertheless,  it  is  found  that  a  thermometer  thus  unexceptionable  at  first  is  liable 
to  deteriorate  by  time,  the  guage  points— i.e.,  32*"  and  212''.-<jorre8ponding  with  higher 
portions  of  the  tube  than  they  should  do,  and  necessarily,  all  other  degrees.  Most 
probably  this  result  is  referable  to  a  gradual  contraction  of  the  sides  of  the  tube  and  of 
tho  bulb,  the  contraotioii  being  detennined  by  continuous  atmospherio  pressure. 
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Looking  at  this  contraction,  the  propriety  ifl  suggesled  of  retaining  thermometer  tubes 
filled  some  time  preyioua  to  graduation. 

The  Kind  of  Seat  indicated  by  Thermometera. — The  term  heat  is  commonly  held  to 
be  synonymous  with  temperature;  hut  philosophy  accepts  it  in  a  more  extended  sense, 
as  comprehending  not  merely  one  effsct  (temperature),  but  the  cause  of  many  effects. 
The  philosophy  of  latent  and  specific  heat  is  almost  too  purely  physical  for  extended 
examination,  here ;  hence  a  slight  reference  to  these  conditions  will  suffice.  The  ther- 
mometer is  not  adapted  to  take  cognizance  of  heat  in  this  latent  or  specific  form.  It 
is  only  indicative  of  evident  heat  or  temperature ;  nor  are  its  indications  in  this  narrow 
field  so  complete,  nor  the  information  it  conveys  so  extensive,  as  is  frequently  supposed. 
The  thermometer  does  not  even  profess  to  indicate  the  quantity,  of  calorific  heat,  but 
only  its  <^rtf0;  terms  which  are  totally  distinct,  as  will  soon  be  perceived.  Let  us 
take  the  following  as  an  illustration  of  the  difference : — A  pint  of  boiling  water  is  as 
hot  as  a  quart  of  boiling  water,  the  temperature  of  both  being  212°  Fah. ;  hence  the 
thermometer,  if  appealed  to,  will  indicate  this  identity  of  temperature.  But,  neces- 
sarily, a  quart  of  boiling  water  must  contain  twice  as  much  calorific  heat  as  a  pint  of 
the  same :  the  deduction  Is  too  obvious  for  comment. 

Again,  strictly  speaking,  the  thermometer  cannot  be  said  to  present  us  with  the 
correct  temperature  of  anything,  inasmuch  as  the  degree  of  columnar  expansion  is  not 
the  degree  corresponding  with  that  of  the  thing  with  which  the  barometer  is  brought 
into  contact,  but  the  mean  of  the  thing  touched,  and  the  bulb  which  touches  it.  Tina 
objection  attains  its  minimum  when  the  atmosphere  itself  is  the  medium,  the  tempera- 
ture of  which  we  desire  to  investigate ;  but  it  becomes  of  practical  importance  in  al 
other  cases,  and  its  consideration  teaches  the  thermometrio  observer  the  necessity  for 
employing  instruments  the  bulbs  of  which  are  as  small  as  compatible  with  well- 
marked  amounts  of  columnar  expansion.  This  remark  especially  applies- to  cases  in 
which  the  bulk  of  liquid  or  solid  operated  upon  is  small.  As  concerns  the  graduation 
of  thermometers,  the  most  correct  instruments  are  those  of  which  the  graduations  ar& 
effected  on  the  tube  of  the  glass  itself.  If  the  graduation  be  made  on  a  scale  of  brass, 
the  resulting  indications  will  be  very  incorrect,  except  the  relative  expansibility  of 
brass  and  glass  be  taken  into  consideration,  and  duly  allowed  for ;  this,  however,  is  so 
troublesome  that  it  will  be  too  frequently  evaded,  and  errors  will  creep  in.  Far  better 
than  brass  is  box- wood  ;  and  slate  and  ivory  are  better  still; 

Oorreepondenee  bettteen  Thermometers. — Scarcely  any  two  thermometers  exactly  cor- 
respond, even  though  the  same  materials  be  employed  in  their  construction,  so  nume- 
rous are  the  points  which  require  attention.  Between  thermometers  constructed  with 
different  materials,  between  air  thermometers  and  mercurial  thermometers,  for  in- 
stance, or  either  of  these,  and  spirit  thermometers,  the  discrepancies  are  still  more 
considerable. 

The  experiments  of  M.  Begnault  relative  to  the  discrepancies  subsisting  between 
mercurial  and  air  thermometers  are  amongst  the  latest  on  this  important  subject.  He 
foimd  that  between  32^  and  21 2°  Fahrenheit,  there  is  an  almost  absolute  coincidence 
between  the  degrees  of  the  air  and  the  mercurial  thermometer.  From  212°  to  482° 
Fahrenheit,  the  mercurial  and  air  thermometers  remain  pretty  equal ;  but  after  the 
latter  point  the  mercurial  gains  on  the  air  thermometers. 

Hitherto  I  have  treated  of  the  atmosphere,  statically  considered,  in  a  condition 
of  repose ;  but  perfect  atmospheric  quiescence  is  unknown  in  nature— it  is  always  «.^- 
tated  more  or  less ;  hence  we  are  led  to  the  consideration  of  atmos^m^i  cvvrc^'o^a  ^t  wsfvA^ 
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80  variable  are  winds  in  these  northeim  Utitudes,  that  thetr  inecrlitudg  bH  paand 
into  ft  proverb ;  primarj  atmospheric  currents,  nevertheless,  are  eomtant  in  tiieir  direc- 
tion, and  are  referable  to  vmnattoDs  of  temperature  SLmultaaeoasl  j  eaiating  in  fifiaent 
parts  of  the  world. 

Heat  in  its  non-latent  condition,  or,  in  other  words,  that  condition  of  lieit  wUehis 
reoognicable  by  the  thermometer,  has  ft  tendency  to  equalise  itself.  Henfle,  if  two 
bodies  «  and  k,  of  which  «  ii  hotter  than  ^,  be  situated  in  proximity  to  eadi  ottiier,  Aoe 
is  an  immediate  tendency  to  equalization  of  temperature  as  between  the  two;  bat  tiie 
thermal  conditions  which  regulate  the  production  of  winds  will  be  most  irmiStj  appre- 
ciated by  reflecting  on  what  takes  place  when  a  heated  solid  ia  suspended  xa  tfae  atmos- 
phere by  a  small  chain  or  wire ;  we  shall  find,  on  invesligatiflii, 
that  a  heated  solid  thus  circumstanced  gradually  beoomes  eool 
by  the  operation  of  three  distributive  influences  — <— dbrfiwi, 
radiation^  and  eonveetion. 

Conduction. — If  the  chain  by  which  the  heated  cannon-ban  ii 
represented  to  be  suspended  in  the  annexed  diagram  (Fig.  S5), 
be  examined  from  time  to  time  by  the  thehnometer,  or  even  by  the 
fingers,  it  will  be  found  to  increase  in  heat  evidently  becansa  it 
removes  a  portion  of  temperature  from  the  heated  eannon-ball  hj 
conducting  it  away.  This  function  of  heat  is  so  well  undentood 
and  so  commonly  exemplified,  that  no  further  considermtian  of  it 
Fi^.  35.  yfjii  be  necessary  here. 

Radiatiim^ — If  a  thermometer  be  held  even  at  the  distance  of  some  feet  from  the 
heated  cannon-ball,  the  mercurial  column  will  be  sensibly  affected,  thus  demonstrating 
the  transmission  of  heat.  But  how  transmitted  ?  By  contact  with  the  atmosphere? 
Clearly  not,  inasmuch  as  the  result  just  indicated  still  occurs  if  the  cannon-ball  be 
placed  in  the  vacuum  of  an  air-pump.  By  experiment  it  has  been  determined  that 
the  temperature,  in  the  case  under  consideration,  has  been  given  off  in  the  oonditkm 
of  rays,  precisely  as  light  is  evolved,  and  hence  the  propriety  of  the  term  radiant  heat 
Coneeetion, — Independently  of  the  two  processes  of  heat-distribution  already  described, 
there  is  yet  a  third.  Referring  to  the  suspended  hot  cannon-ball,  we  shall  find  that,  if  sus- 
pended in  a  room  from  the  ceiling,  the  air  near  the  ceiling  becomes  hotter  than  the  air 
below :  hence  a  portion  of  the  temperature  of  the  hot  cannon-ball  must  have  become 
accumulated  there,  by  reason  of  some  cause  besides  those  of  conduction  and  radiation, 
both  of  which  distribute  the  temperature  equally  in  all  directions,  through  a  homogeneous 
medium — such  as  the  atmosphere  for  example,  in  our  assumed  experiment.  The  pro- 
cess of  heat-distribution  known  as  convection,  is  the  necessary  result  of  the  expansion 
of  liquids  and  fluids  by  heat;  for  when  expanded  they  are  specifically  lighter;  and, 
when  spocifically  lighter,  they  must  necessarily  ascend.  It  is  by  virtue  of  the  pro- 
cess of  heat-distribution,  termed  convection,  that  the  child's  soap -blown  bubbles  ascend 
instead  of  at  once  falling  to  the  surface  of  the  earth. 

Temperature  and  pressure  being  equal,  breath  evolved  from  the  lungs  is  heavier 
than  atmospheric  air,  because  it  holds  more  carbonic  acid.  Nevertheless,  inasmuch  as 
it  is  evolved  from  the  lungs  hotter  than  the  surrounding  atmosphere,  soap-bnbblet 
blown  with  it  ascend.  Presently,  however,  they  descend,  because  the  heat  acquired 
fW>m  the  lungs  being  evolved,  and  equalization  of  temperature  with  that  d  the 
surrounding  atmosphere  having  ensued,  the  great  specific  gravity  of  the  gas  where- 
with the  bubble  is  blown  cauaea  ^e  \».\Xn  \o  ii\ik  \a  the  aurfoee  of  the  earth. 
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It  is  to  th«  process  of  heat  conyection,  that  we  owe  the  salutary  draughts  in  our 
chimDejs,  and  also  unsalutarj  draughts  in  our  apartments.  No  sooner  is  fuel  lighted 
in  a  fire-place,  than  the  superincumbent  air  becomes  higher  and  specifically  lighter;  it 
therefore  ascends,  and  cold  air  rushes  in  to  fill  its  place.  Thus  we  have,  in  point  of  fact, 
a  local  wind ;  and  the  causes  which  determine  that  wind  are  exactly  comparable  to  the 
causes  of  winds  which  take  place  in  the  grand  economy  of  nature,  as  will  soon  be 
rendered  manifest. 

The  Trade  Winds. — ^Applying  the  facts  just  developed,  let  us  now  regard  the 
surface  of  our  globe  in  the  aggregate,  with  reference  to  the  localities  of  maximum  and 
minimum  temperature,  and  the  consequence  of  such  difference  of  temperature  in  origi- 
nating an  aerial  current.  It  is  evident  that  the  hottest  portions  of  our  globe's  surface 
are  comprehended  within  the  tropics,  and  the  coldest  portions  are  the  arctic  regions — 
north  and  south. 

These  circumstances  being  premised,  we  are  now  in  a  condition  to  anticipate  the 
direction  of  the  aerial  currents  or  winds  which  must  necessarily  ensue.  Firstly,  an 
ordinary  current  of  heated  air  should  rise  aloft  in  the  tropical  regions,  then  diverge 
and  pass  north  and  south  to  either  arctic  circle,  thus  constituting  what  may  be  termed 
the  upper  trade  current.  This  current,  as  it  proceeds  north  and  south,  gradually 
becomes  cold,  in  which  condition  it  is  rendered  specifically  heavier,  falls  to  the  surface 
of  the  earth,  and  floats  along  towards  the  equator,  thus  generating  two  principal 
currents — one  north,  the  other  south.  "Whilst  yet  in  the  frigid  and  the  temperate  zones 
these  primary  currents  encounter  so  many  interferences  that  their  primary  or  funda- 
mental direction  is  itasked  or  veiled ;  but  still  proceeding  north  and  south,  the  per- 
sistent directive  tendency  of  the  trade  winds  is  at  length  developed.  But  the  currents 
no  longer  flow  directly  north  and  south.  By  the  operation  of  a  cause  which  will 
I  presently  be  rendered  evident,  the  directive  tendency  of  either  current  has  acquired  a 
certain  impulse  towards  the  west ;  or,  in  other  words,  both  currents  come  more  or  less 
from  the  east.  But  at  length  they  blow  almost  from  due  east,  and  finally  cease 
altogether;  so  that  the  equator,  and  a  certain  space  north  and  south  of  the  equator,  are 
comprehended  within  what  is  termed  the  region  of  calms.  The  noi*th  trade  wind 
meeting  the  south  trade  wind,  they  are  mutually  destructive  of  each  other.  Two  con- 
flicting aerial  forces  by  mutual  impact  come  to  rest,  just  as  two  billiard  balls,  each 
rolling  gently  from  an  opposite  point,  become  quiescent. 

-No  part  of  the  earth's  surface,  however,  is  subject  to  such  capricious  and  such 
Tiolent  tempests  as  the  so-called  region  of  calms.  This  is  a  result  which  theory 
would  lead  us  to  suspect.  The  cause  has  now  to  be  explained  wherefore  the  trade 
winds  do  not  blow  directly  north  and  south.  If  our  globe  were  at  rest,  or  if  its  only 
motion  were  motion  in  its  orbit,  such  would  be  the  result;  but  it  revolves  on  its 
axis  also  from  west  to  east,  and  this  circumstance  fully  explains  the  deviation  from 
northness  and  southness  of  the  trade  winds.  If  the  lower  or  returning  aerial  current 
which  constitutes  the  trade  winds  ceased  to  exist  altogether,  then  our  globe's  diurnal 
rotation  would  generate  a  current  in  the  apparent  direction  of  east  to  west.  I  say 
apparent  direction^  because,  in  point  of  fact,  we  may  regard  the  atmosphere  under 
these  circumstances  as  being  tranquil  or  passive,  and  our  globe  revolving  in  the 
midst  of  it,,  in  the  direction  of  west  to  east.  Inasmuch  as  the  force  representing  this 
apparent  east  wind,  and  the  force  representing  the  north  and  south  atmospheric  currents, 
flowing  towards  the  equator  from  either  pole,  are  simultaneously  operating,  there  occurs 
a  resultant,  which  is  the  trade  wind.    The  appended  diagram  (Fig.  S^^  twv^xV^  '-^w^-  \ 
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trates  the  points  which  hare  been  described.  Towards  the  extreme  north  and  extreme 
south  the  great  aerial  cuiTents,  nitimatelj  destined  to  become  the  trade  winds,  are 
represented  fluctuating  and  rariable;  gradually,  howerer,  thej  acquire  a  nortbem  and  a 

southern  directive  tendency  respeotiTdj;  lasdj, 
thej  come  from  the  point  of  almost  due  east,  snd 
then  cease  altogether. 

A  consideration  of  the  influences  which  de- 
termine trade  winds  leads  to  a  £acile  explana- 
tion of  many  aerial  currents  of  less  extent.  The 
heating  influence  referable  to  the  geographicsl 
position  of  the  tropics  is  not  the  only  influence 
of  this  kind.  A  peculiar  condition  of  the  earth's 
sui-face,  taken  c6njuintly  with  a  favourable 
condition  of  the  sun's  rays,  may  bring  about 
similar  results.  In  this  manner  the  Meditena- 
nean  ctesian  winds,  or  aerial  currents  from  the 
north,  may  be  accounted  for.  Looking  at  the 
Fig.  36.  geographical  condition  of  localities  south  of  the 

Mediterranean,  we  find  the  Sahara,  or  Groat  Desert,  a  region  whose  surface  is  strewed 
with  masses  of  pebbles  and  sand,  and  almost  totally  devoid  of  vegetation.  Such  a 
surface  must  necessarily  become  elevated  by  the  solar  rays  to  a  high  temperature,  an 
atmosphoric  column  must  ascend,  travel  to  the  north,  then  fall,  and  at  length  retum 
from  the  north  to  the  Sahara,  whence  it  came. 

Land  and  Soa  Breezes.— Many  countries  near  the  sea  are  subjected  to  winds  of 
diurnal  periodicity,  knmvn  as  land  and  sea  breezes.  About  eight  or  nine  a.il,  an 
aerial  current  begins  to  flow  from  the  sea  towards  the  land,  and  persists  until  about 
three  r  m.,  when  a  current  in  the  reverse  direction,  or  from  the  land  towards  the  sea, 
takes  its  place,  and  continues  throughout  the  night  until  sunrise  next  morning,  when 
it  ceases,  and  a  calm  ensues  until  the  completion  of  a  period  of  twenty-four  hours  froa 
the  occurrence  of  the  preceding  land  breeze.  These  currents,  in  reverse  directions,  can 
bo  easily  accounted  for  when  we  consider  the  heating  agency  of  the  sun.  Necessarily 
land  becomes  hotter  than  water  under  an  equal  power  of  luminous  rays;  whence  it 
follows,  that  the  surface  of  the  ground  becoming  heated  after  sunrise,  determinea  the 
ascent  of  an  atmospheric  current  vertically  ;  thence,  proceeding  oceanward,  the  same 
current  returns  from  the  sea  to  the  land.  No  sooner  does  the  sun  set,  than  this  cunent 
is  reversed.  | 

In  the  preceding  explanations  of  the  cause  of  winds  as  being  referable  to  inequali-  j 
ties  of  temperature,  it  will  be  observed  that  reference  has  alone  been  made  to  the  i 
calorific  effects  of  the  sun*s  rays.    This  is,  in  point  of  fact,  the  only  source  of  heat  . 
which  has  to  be  taken  cognizance  of  in  meteoric  considerations ;  for,  althou^  the  . 
earth's  own  temperature  gradually  increases  as  we  pierce  downwards  below  the  snr- 
face,  so  imperfect  are  the  conducting  powers  of  the  materials  of  which  the  crust  of  our 
planet  is  composed,  that  all  consideration  of  them  may  be  saMy  omitted  in  acooontiBg 
for  the  present  phenomena. 

Vvocess  of  ReTezse  Atmoaphezic  Cunents. — Althon^  the  existcBoe  of 
atmospheric  currents  proceeding  in  a  direction  reverse  to  those  we  meet  with  on  ti» 
earth's  surface  is  forced  upon  the  mind  by  inferential  reasoning,  snd  the  fiu^  most  be 
so«epted|  even  though  no  turther  evidence  of  it  could  be  addocedy  nerer&desB  dneet 
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proofis  are  not  wanting.  The  direction  of  upper  layers  of  clouds  afford  their  testimony 
to  the  truth  of  the  opinion.  Where  the  trade  winds  prevail,  the  higher  strata  of  clouds 
may  be  seen  taking  a  direction  opposite  to  that  of  the  wind  itself;  and  travellers, 
during  their  ascent  of  high  mountains,  have  frequently  proved  the  existence  of  a 
superior  wind  pursuing  a  course  opposite  to  the  wind  below.  This  has  been  espe- 
ciaQy  obvious  on  the  Peak  of  Teneriffe,  a  mountain  situated  in  the  belt  of  the  trade 
winds.  Here,  on  the  summit  of  this  peak,  it  has  been  always  found  that  a  south-west 
wind  prevails,  whereas  the  trade  wind  at  the  base  of  the  same  mountain  blows  from  the 
north-east. 

A  similar  remark  has  been  made  by  travellers  who  have  ascended  Mona  Kea,  in 
Owyhee,  the  height  of  which  is  18,000  feet.  But  perhaps  the  most  striking  illus- 
tration is  the  following :— The  island  of  Barbadoes  lies  eastward  of  St.  Vincent,  and 
between  the  two  the  trade  wind  continually  blows,  and  so  forcibly  that  it  is  only  with 
difficulty,  and  by  making  a  long  circuit,  that  a  ship  can  sail  between  the  latter  and  the 
former.  Nevertheless,  on  one  occasion,  during  an  eruption  at  St.  Yinoent,  dense  clouds 
formed  over  Barbadoes,  and  large  quantities  of  ashes  f^ll  on  the  island.  A  similar  result 
was  observed  after  an  eruption  of  the  volcano  of  Cosoguina,  on  the  shores  of  the 
Pacific,  in  Guatemala,  in  January,  1835,  some  of  the  volcanic  ashes  falling  in  Jamaica, 
more  than  800  miles  in  a  direct  line  distant,  and  directly  opposed  to  the  prevailing 
lower  current.  At  the  same  time  another  portion  of  ashes  was  carried  westward,  or 
in  an  opposite  direction,  falling  on  Her  Majesty's  ship  ''Conway/'  in  the  Pacific, 
more  than  1200  mUes  distant. 

The  trade  winds  are,  for  the  most  part,  only  recognizable  at  sea ;  the  solid  material 
of  land  developing  local  aerial  currents  of  their  own.  The  extent  of  prevalence  of  the 
trade  wind  is  various.  In  the  Atiantic  it  prevails  from  8**  to  28°  or  30°,  but  in  the 
Pacific  only  to  25°  N.  L.  In  the  southern  hemisphere,  the  extent  of  the  trade  wind 
has  been  less  accurately  determined.  When  first  the  phenomena  of  trade  winds  were 
noticed  by  Columbus  and  his  associates,  they  caused  the  greatest  consternation. 
Accustomed  to  the  fluctuating  and  irregular  breezes  of  Europe,  they  regarded  the  con- 
tinuance of  a  wind  fTom  the  east  as  emblematic  of  their  perpetual  banishment  from 
their  native  shores.  The  early  Spanish  navigators,  however,  very  soon  learned  to 
appreciate  the  value  of  trade  winds,  by  the  aid  of  which  treasure-laden  galleons  could, 
setting  out  from  Acupuloo,  manage  to  arrive  at  Manilla  almost  without  changing  a 
•ail. 

As  respects  the  upper  current  proceeding  from  the  equator  to  either  pole,  it  varies, 
aa  might  be  anticipated,  in  different  localities.  Travellers,  who  have  ascended  the  Peak 
.  of  Teneriffe,  inform  us  that  this  upper  current  is  found  in  that  locality  at  an  elevation 
id  9000  feet ;  but  Humboldt,  during  his  explorations  on  the  Andes,  discovered  the 
eastern  trade  wind  to  be  blowing  at  an  elevation  of  8000  feet  above  the  level  of  the 
aea.  As  the  upper,  or  equatorial  current  loses  its  heat,  its  specific  gravity  becomes 
greater,  and  it  sinks  lower  and  lower,  no  longer  manifesting  any  well-marked  directive 
tendency. 

On  the  ocean,  and  between  30°  and  40°,  there  is  a  prevalence  of  westeriy  winds, 
especially  in  the  southern  hemisphere.  In  the  Atiantic  a  similar  tendenoj^  is  manifest ; 
whence  it  follows,  that  the  voyage  from  Europe  to  America  occupies  more  time  than  a 
Toyage  in  the  reverse  direction.  It  is  difficult  to  say  what  may  be  regarded  as  the 
prevailing  wiivl  in  these  isles— probably,  however,  a  south-western  wind,  as  stated  in 
the  following  table : — 
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Table  Beprumting  ih€  Beiatwt  Trevalenceof  Windt  m  difsreni  CowUrieg/or  a  Fmodi^ 

1000  da^t. 


Coimtries. 

N. 

N.E. 

E. 

8.  E. 

8. 

8.W. 

w. 

N.W. 

England 

82 

Ill 

99 

81 

Ill 

225 

171 

120 

France 

126 

140 

84 

76 

117 

192 

155 

110 

Germany     . 
Denmark     . 

84 

98 

119 

87 

97 

185 

198 

131 

65 

98 

100 

129 

92 

198 

161 

156 

Sweden 

102 

104 

80 

110 

128 

210 

159 

106 

Russia 

99 

191 

81 

130 

98 

143 

166 

192 

North  America    . 

96 

116 

49 

108 

123 

197 

101 

201 

The  direction  of  winds  is  found,  taking  the  ayerage  of  many  years,  to  Taiy 
according  to  the  season.  In  Europe  south  winds  are  more  prevalent  than  any 
others  during  winter ;  east  winds  belong  more  especially  to  the  spring ;  west  and 
north  winds  to  the  summer,  and  towards  October  theVind  usually  veers  round  to  the 
south.  Usually  the  wind  is  more  strong  in  February  and  March  than  at  any  other, 
and  at  all  seasons  the  wind  is  usually  strongest  at  noon. 

[  Stoxms. — ^Whenever  the  air,  from  any  cause,  is  thrown  into  violent  commotion,  the 
result  will  be  a  storm.  The  philosophy  of  storms,  notwithstanding  the  attention  which 
has  been  devoted  to  the  subject,  is  by  no  means  well  understood.  In  point  of  £ict,  the 
causes  of  storms  are  numerous  and  complex.  If  we  reflect  on  the  agency  of  temperature 
•n  the  air,  cnepreyalent  cause  of  storms  will  at  least  become  manifest.  If  one  portion 
of  the  atmosphere  be  suddenly  heated,  violent  conmiotion  must  arise — there  must  folloir  a 
storm.  The  laws  of  latent  heat  demonstrate  that  whenever  water  is  suddenly  condensed, 
the  surrounding  air  must  be  raised  in  temperature ;  and  thus  we  have  one  of  the  moit 
frequent  local  causes  of  storms.  According  to  modem  observations  storms  are,  for  themoet 
part,  circular  whirlwinds  progressing  in  a  north-eastern  direction  from  the  south  to  the 
north  of  the  tropic  of  Cancer.  In  proportion  as  a  locality  is  devoid  of  mountains  and  near 
the  sea,  so  is  it  more  liable  to  be  subject  to  storms.  Perhaps  the  most  violent  of  all  Buio- 
pean  storms  are  those  which  occur  in  the  south  of  Franpe  during  the  prevalence  of  the 
north-east  wind  termed  mistral;  but  the  most  violent  storms  occur  in  and  near  tiie 
tropics,  and  are  termed  tmmadoesy  trovadoes,  hurrieanes,  typhoons,  &c.  Hoiricanes  are  essen- 
tially tropical ;  the  West  Indies  suffer  from  them  more  than  any  other  region.  Hurrioana 
are  of  yearly  occurrence  in  the  West  Indies,  but  the  islands  of  Trinidad  and  TobagOj 
being  protected  by  mountain  elevations,  usually  escape  them  altogether.  The  wind, 
during  a  hurricane,  frequently  makes  an  entire  circuit,  blowing  from  every  point  of  the 
compass ;  and  it  is  by  no  means  an  unusual  occurrence  for  the  wind  to  cease  awhile 
altogether,  and  then  commence  blowing  again.  Perhaps  the  most  violent  hurricane  on 
record  is  the  one  which  occurred  in  1780.  It  destroyed  the  fleet  of  Lord  Rodney,  and  a 
vast  number  of  merchant  ships.  It  killed  no  less  than  9,000  individuals  in  Martiniqae 
alone,  and  6,000  in  St.  Lucia.  It  totally  destroyed  the  town  of  St.  Pierre  in  Marti- 
nique, and  almost  as  completely  the  town  of  Kingston  in  St.  Vincent,  only  fonrteen 
houses  of  the  latter  being  left  unmolested.  Not  a  few  of  the  West  Indian  hurrionfli 
extend  their  ravages  northward  to  the  United  States ;  usually,  however,  with  a  yioleoee 
Kreatly  diminished. 
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The  eastern,  western,  and  southern  coasts  of  AAriea  are  also  subjeot  te  storms  of 
almost  equal  Tiolenee  with  the  West  Indian  hurrieanes ;  these  storms,  however,  in  the 
localities  under  consideration  are  called  tornadoes.  At  Sierra  Leone  and  the  adjacent 
parts  two  or  three  tornadoes  usually  usher  in  the  dry  season ;  they  are  sometimes  accom- 
panied with  rain,  and  sometimes  without ;  when  of  the  latter  kind,  they  are  called  white 
tornadoes.  The  eastern  coast  of  Africa,  especially  towards  the  south,  is  also  yery 
subjeot  to  tornadoes.  One  of  the  most  violent  storms  on  record  occurred  in  the 
Mozambique  Channel  in  1809,  extending  to  the  islands  of  Bourbon,  Mauritius,  and 
Kodrigues.  The  violence  of  storms  at  the  Cape  of  Good  Hope  is  proverbial ;  the 
early  Portuguese  navigators,  therefore,  called  the  southern  cape  of  AMca  the  Cape  of 
Storms. 

Typhoons  may  be  described  as  hurricanes  of  the  Chinese  and  Japanese  seas ;  like 
hurricanes,  they  have  a  rotatory  motion,  but  they  are  more  localized  in  their  action, 
having  no  distinct  rectilineal  progression. 

Bot  Winds. — Although  heat  may  be  regarded  as  primarily  the  cause  of  all  winds, 
it  does  not  follow  that  all  winds  must  be  hot ;  indeed,  we  know  that  the  result  is  the 
direct  opposite — that  many  winds  are  very  cold.  The  temperature  of  a  wind  is  for  the 
most  part  totally  independent  of  the  temperature  which  caused  it,  and  is  determined  by 
the  nature  of  the  surface  over  which  it  blows.  The  principal  hot  winds  are  those  denomi- 
nated the  simoom,  the  harmattan,  the  chamsin,  the  sirocoo,  and  the  solano.  The  term 
simoom,  or  tamiel,  means  poisonous,  and  is  derived  from  a  belief  of  the  Arabs  that  the 
devastating  effects  of  this  wind  are  attributable  to  some  poisonous  emanation  which  it 
bears.  There  is  no  foundation,  however,  for  this  notion.  The  terms  chamsin  and  har- 
mattan are  little  else  than  Egyptian  and  negro  appellations  respectively  for  the  simoom. 
The  Egyptian  term  ehanuin  means  fifty,  and  has  reference  to  the  duration  of  the  wind 
fifty  days — from  April  27  to  June  1 8.  The  simoom  is  the  terror  of  desert  caravans.  At  its 
approach  the  horizon  grows  dark,  the  sun's  rays  scarce  penetrate  with  lurid  gleam  the 
atmosphere  charged  with  particles  of  burning  sand.  The  wind  blows  with  fitful 
yiolence,  scattering  death  and  desolation  in  its  track,  withering  the  trees  and  shrubs 
-which  it  encounters,  suffocating  animals,  and  burying  them  under  waves  of  sand.  The 
camels  no  sooner  perceive  the  advent  of  the  simoom,  than  rushing  to  the  nearest  tree 
or  bush,  or  seeking  the  spur  ef  some  projecting  rock,  they  place  their  heads  in  the 
direction  opposite  to  which  the  wind  blows,  and  endeavour  to  screen  themselves  from  its 
yiolence.  The  traveller  throws  himself  on  the  ground  on  the  lee-side  of  the  camel,  and 
screens  his  head  from  the  fiery  blast  within  the  folds  of  his  robe.  Too  frequently  all 
these  precautions  are  unavailing,  both  man  and  beast  falling  a  prey  to  the  terrible 
simoom.  The  idea,  however,  of  the  wind  being  poisonous  is  not  founded  on  fact.  In 
fhe  western  parts  of  Asia,  mere  especially  in  Arabia,  the  simoom  only  l^ows  in  the 
summer  months,  and  with  maximum  violence  in  July.  It  occurs  only  in  the  day 
time,  and  for  the  most  part  only  lasts  a  few  hours.  In  Lower  Egypt,  the  direc- 
tion of  the  simoon  is  from  the  south-west ;  in  Mecca,  it  comes  from  the  east ;  in 
Surat,  from  the  north ;  in  Bassora,  from  the  north-west ;  in  Bagdad,  from  the  west ; 
and  in  Syria,  from  the  south-east;  in  every  case  proceeding  fh>m  the  neighbour- 
ing desert  where  the  air  has  suffered  rarefaction.  The  simoom,  far  from  being 
poisonous,  is  in  some  localities  beneficial  to  health,  by  drying  up  aqueous  exhal- 
ations, which,  if  not  removed,  would  give  rise  to  fevers  and  other  diseases.  This  is 
particularly  the  case  on  the  western  coast  of  Africa.  It  is,  nevertheless,  always  ixv- 
jnxiooB  to  vegetation. 
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The  Italian  siiocco  and  the  solano  of  Spain  maj  be  regarded  as  European  con- 
thmationB  of  the  harmattan  or  aimoon  of  Western  Africa.  TKa  airoeoo,  alHioii^ 
naually  restricted  to  Malta,  Sicily,  and  southem  Italy,  ■ometimea  eztoids  into 
Qermany  and  Switaerland :  in  the  latter  locality  it  ia  denominated  the  f'ohm.  The 
fbhn,  although  prejudicial  to  trees,  develops  to  a  surprising  degree  the  Tegetation  of 
young  plants,  and  can  hardly  be  regarded  as  a  calamity.  It  it  moat  prevalent  in 
Siritzorland,  near  the  Lake  of  the  Four  Cantons,  Its  period  of  duration  does  sst 
usually  exceed  a  few  hours,  though  sometimes  this  period  is  ezceedisdy  and  it  rarely 
occurs  in  winter. 

Tho  southem  part  of  Australia  is  subject  to  a  hot  north  wind,  presenting  sudi  i 
marked  resemblance  to  the  sirocco  that  geographers  are  led  to  tho  natural  infrarenoe 
that  the  unknown  interior  of  the  Austxalian  continent  is  a  desert  of  sand  and  took, 
like  the  Sahara  and  the  wilds  of  Arabia  Petroca. 

Cold  Winds.— These  winds  are  less  nuticeable  and  fewer  in  number  than  thcie 
already  mentioned.  Their  low  temperature  is  usually  referable  to  the  eiieumstance  of 
their  passing  over  mountain  ranges  covered  with  snow.  The  most  conaidermble  windi 
of  this  kind  exist  in  Mongolia,  Beloochistan,  and  the  Bnssian  steppes.  To  this  olsa 
also  belongs  the  miatral,  a  north-east  wind  prevalent  in  sonthem  France,  and  which  ii 
exceedingly  prejudicial  to  vegetable  life. 

Whirlwinds . — ^When  two  violent  winds  meet,  the  result  is  a  whirlwind,  so  eallid 
from  its   rotatory  character.     If   a  whirlwind  occurs   at  sea,   or  over  water,  it 

elevatea  a  large  column  of  water  alofi^ 
sometimes  to  the  height  of  many  him- 
dred  feet,  thus  giving  rise  to  the  mefteo- 
rio  phenomenon  termed  a  UfmUt'tptd. 
If  a  whirlwind  occurs  on  land  it  lifts  ly 
dust,  boughs,  the  roo&  of  houses,  aai 
other  solid  mattexs,  producing  a  cdinBi 
of  well-defined  shape.  These  whidwin^ 
cohunns,  whether  they  consist  of  water 
or  solids,  present  the  same  general  lor- 
mataon  and  contour.  They  consist  of  i 
hollow  cone,  sometimes  straight,  bit 
more  frequently  curved  or  hom-shap«d, 
its  upper  portion  proceeding  from  t 
cloud ;  its  lower  part  consisting  of  as 
aggregation  of  water  or  of  sand  aad 
dust,  according  to  the  locality.  Tbt 
upper  and  low«r  portions  of  these  es- 
lumns  are  so  much  denser  than  till 
remainder,  that  they  are  generally 
opaque,  whereas  the  middle  portion  ii 
generally  transparent.  The  tint  of 
these  colours  is  various — sometimi 
gray,  sonhstimes  brown  or  nearly  Usck^ 
and  occasionally  fiery  red. 

Independent  of  the  cureolar  or  axiil 


Fig.  87. 


I    moUon  of  these  whirlwind  coVvimna,\heY  i^uicue  an  onward  course,  sometimes  strsigU^ 
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at  other  times  ourvod.    The  velocity  of  this  counie  differs  within  wide  limits.    Some- 
times a  man  on  foot  can  readilj  keep  pace  with  it,  wliilst  at  other  times  they  pro- 
ceed at  the  rate  of  nine  or  ten  , 
miles  an  hour,  sometimes  more. 

Whirlwind  columns,  whether 
they  eventually  heoome  water- 
spouts or  n<*t,  always  originate 
(m  land,  or  in  the  vicinity  of  land 
where  the  winds  and  temperature 
are  mutahle.  They  are  usually 
attended  with  thunder,  lightning, 
and 'other  electrical  phenomena; 
and  they  constitute  the  centre 
of  an  aerial  commotion,  all  around 
the  focus  of  which  a  profound 
calm  prevails.  Bodies  which  they 
have  taken  up  are  not  readily 
deposited,  hut  carried  alcmg  in 
their  onward  course.  Sometimes 
they  are  quite  in  the  clouds,  at 
other  times  on  the  surface  of  the 
earth  or  water,  and  their  forma- 
tion may  he  prevented.  Even  when 
already  formed,  they  may  fre- 
quently he  destroyed  hy  some  vio- 
lent aerial  commotion,   such  as 

that  produced  by  the  discharge  of     —^S:^  — -  'z^  irr^^"- 

a  piece  of  ordnance-^a  fact  well  Yig.  38. 

known  to  seafaring  men.  The  size  and  height  of  these  whirlwind  currents  is  various ; 
occasionally  they  present  a  diameter  of  no  more  than  two  feet,  while  the  diameter  of 
0ome  has  heen  estimated  at  two  hundred,  or  even  more.  Again,  the  height  of  some 
is  no  more  than  thirty  feet,  whereas  others  have  heen  known  the  height  of  which 
was  no  less  than  three  thousand  feet. 

Watev-Sponta. — Of  these  columnar  whirls  the  water-spout  is  less  damaging  than 
the  dry  whirl,  probably  because  the  weight  of  fluid  which  it  carries  diminishes  the 
violence  of  its  rotatory  motion.  Not  the  least  eztraordinaiy  amongst  the  many  curious 
circomstances  relative  to  water-spouts,  is  the  well-attested  fact  that,  although  occurring 
at  sea,  they  have  been  occasionally  known  to  break  and  deluge  a  ship  with  a  torrent  of 
fresh  water. 

Infiu^ee  of  Wind  on  the  Barometer. — Although  the  barometer  has  hitherto  been  con- 
sidered in  reference  only  to  the  pressure  of  a  tranquil  column  of  air,  its  variations  are 
influenced  by  many  other  circumstances,  which  we  must  not  omit  to  consider.  Amongst 
the  most  important  of  these  are  winds.  Having  regard  to  the  ultimate  cause  of  winds^ 
it  will  be  evident  that  the  existence  of  a  wind  bespeaks  the  condition  of  different  tem- 
perature in  two  different  places.  Hence,  every  wind  necessarily  varies  to  some  degree 
the  temperature  which  would  have  subsisted  at  any  given  place  under  a  perfectly 
tranquil  atmosphere.  Now,  inasmuch  as  the  atmosphere  expands  by  heat  and  contracts  i 
,hy  cold,  varying  to  a  corresponding  degree  its  density  oi  s^ec\&c  |gtv^\\.'^,%aHS.  VJ^'s^^  \ 
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that  the  height  of  the  harometric  column  will  he  influenced  hj  winds.  In  Europe  it 
will  he  generallj  found  that  a  fall  of  the  harometer  coirefponds  with  a  rise  in  the 
thermometer ;  this  rule  also  preyails  for  the  tropics,  nevertheless  it  is  sabjeet  to  maaj 
yariations.  The  barometer  may  rise  and  fall  without  any  corresponding  change  in  Ihe 
thermometer  or  both  may  rise  and  fall  together. 

The  application  of  tbe  barometer  as  a  weather-glass  is  altogether  collateral  and 
secondary,  neyertheless  its  indications  in  this  respect  are,  for  the  most  part,  worthy  of 
confidence ;  generally  the  harometric  column  sinks  the  day  before  rain  occurs,  and 
rises  during  its  preyalence.  The  barometric  column  is  much  agitated  during  the  exist- 
ence of  a  storm,  owing  to  the  conflict  which  then  ensues  between  atmospheric  cuirenti 
tending  towards  opposite  directions. 

Other  Variations  of  the  Barometer. — ^Besides  the  elevation  of  barometric  mercury  due 
to  direct  atmospheric  pressure  and  to  aerial  currents,  there  exists  other  fluctuating 
causes,  both  diurnal  and  annual.  The  former  are  scarcely  noticeable  in  temperate,  hot 
very  conspicuous  in  the  torrid  zone.  Every  day  the  barometric  column  twice  attaiu 
a  maximum,  and  as  often  a  minimum.  The  two  periods  of  maximum  elevation  ocGur 
between  8 J  and  IO5  a.m.  (say  an  average  of  9h.  37m.) ;  and  between  9  and  11  p.il 
(say  an  average  of  lOh.  11m.)  The  two  periods  of  minimum  deviation  are  between  3  and 
5  A.M.,  average  3^  ;  and  between  3  and  5  p.m.,  average  41l  5m.  Daring  winter  and 
the  rainy  tropical  season,  the  diurnal  variations  of  the  barometer  are  least,  and  thejr 
assume  their  maximum  in  April.  The  variations  arc  much  less  on  elevated  mountains 
than  in  the  plains  below. 

Mean  Barometric  Condition  of  a  Blaee. — ^It  was  formerly  assumed  that  everywhere  at 
the  level  of  the  sea  the  barometric  condition  for  the  same  time  was  xdenticaL  This 
opinion  is  fallacious,  latitude  having  a  well-determined  influence  in  thia  reepect  It  is 
least  of  all  at  the  equator,  whence  it  increases  north  and  south,  attaining  its  maximum 
about  30°  or  43''  of  latitude ;  it  then  decreases  to  between  60^  and^  70.  Within  the  poltr 
circle  it  would  appear  to  reascend,  but  further  experiments  for  this  locality  are  I 
desideratum. 

Longitude  also  appears  to  exert  some  influence  over  the  elevation  of  the  barometric 
current.  It  is  greater  in  the  Atlantic  than  in  the  Pacific,  by  a  small  but  readilj 
perceptihle  quantity. 

Cattses  of  Periodical  Barometric  Variations. — Various  opinions  have  been  advanced 
to  account  for  these  periodical  barometric  variations.  To  say  they  are  attributable  to 
difference  of  temperature  is  to  advance  a  cause  too  remote  from  the  result.  Many  philo- 
sophers have  attributed  these  variations  to  the  existence  of  veritable  atmospheric  tides; 
but  the  most  plausihle  explanation  of  diurnal  barometric  variations  would  seem  to  be 
that  of  Dove,  who  assumes  them  to  depend  upon  the  varying  amount  of  aqueous  vapour. 
Aqueous  vapour  and  atmospheric  air  are  possessed  of  different  specific  gravities,  and  the 
barometric  height  of  a  column  of  mercury  fbr  any  time  will  he  the  sum  of  pressure  of 
diy  atmospheric  air  and  associated  moisture;  as  the  relative  amount  of  the  two  variesi 
so  will  vary  the  height  of  the  barometric  column. 

Atmoaphezic  Molstiure  and  its  DeziTatiTes.— When  treating  at*page  469 
of  the  means  to  be  employed  for  weighing  a  gas,  the  fadlity  wherewith  gaseous 
bodies  absorb  moisture  was  adverted  to.  Some  idea  then  may  he  gained  of  the 
amount  of  moistiure  present  in  the  atmosphere,  seeing  that  the  latter  is  ever  in  con- 
tart  with  large  expanses  of  water.  The  atmosphere,  in  point  of  £u!t,  is  never  diy,  or 
in  any  way  near  dryness.    'EvenwVn  V!bA  ^t  wfima  ^^arching  hot,  drying  the  sfcin 
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and  withering  vegotableB,  it  is  easy  to  demonstrate,  bj  the  aid  of  chemical  agents, 
the  existence  of  aqueous  moisture ;  without  the  presence  of  which  neither  the  functions 
of  animal  or  of  vegetable  life  could  be  maintained.  Even  when  the  air  approaches  the 
condition  of  dryness,  within  yery  remote  limits,  breathing  is  difficult  and  symptoms  of 
feyerish  restlessness  speedily  sets  in.  The  natural  craving  of  the  lungs  for  moisture 
18  demonstrated  by  the  presence  of  a  close  stove  in  a  small  room.  The  sensations, 
which  are  very  unpleasant,  can  always  be  alleviated  by  placing  a  small  dish  of  water 
on  the  stove,  so  that  evaporation  may  go  on  continuously.  It  is  of  the  utmost  import- 
ance, then,  to  be  enabled  not  only  to  demonstrate  the  existence  of  atmospheric  moisture, 
but  to  determine  its  quantity.  A  few  experiments  for  effecting  this  demonstration  I 
shall  now  detail. 

Experiment  1. — The  accompanying  diagram  (Fig.  39)  represents  a  balance  or  pair  of 
scales,  into  one  pair  of  which  there  has  been  placed  a  small  dish  of  oil  of  vitriol,  and  into 
the  other  a  counterpoise.  If  the  apparatus  be  exposed  to  the  air,  even  when  the  earth 
is  hottest  and  dryest,  nevertheless  the  equilibrium  of  the  pair  of  scales  will  soon  be 
destroyed.  Some  ponderable  increase  will  have  been  acquired  by  the  pan  containing 
the  oil  of  vitriol,  and  analogy  demonstrates  the  increase  in  question  to  be  duo  to  the 
absorption  of  water.    Founded  on  this  j 

property,  oil  of  vitriol  is  frequently  em- 
ployed by  the  chemist  for  desiccating 
substances  which  could  not  be  heated 
without  damage.  Accordingly,  if  a  pan 
of  oil  of  vitriol  and  a  moistened  sheet  of 
paper  be  enclosed  together,  under  an  in- 
verted glass,  the  paper  will  in  course 
of  time  become  dry.  Far  more  rapid 
and  powerful  is  the  operation  of  the 
oil  of  vitriol  when,  instead  of   being 

placed  together  with  the  substance  to  p-^g^  39^ 

be  dried,  and  in  a  mere  bell-glass,  the 

two  are  placed  under  the  receiver  of  an  air-pump,  and  the  air  exhausted.  Under  these 
circumstances  an  atmosphere  of  aqueous  vapour  alone  soon  fills  the  air-pump  receiver, 
and  the  absorptive  operation  of  the  oil  of  vitriol  being  continuous,  the  water  is 
speedily  evaporated. 

Experiment  2. — Instead  of  oil  of  vitriol,  carbonate  of  soda,  or  chloride  of  calcium, 
and,  in  an  inferior  degree,  common  salt  (chloride  of  sodium)  may  be  used ;  for  these 
bodies  are  all  hygrometric — that  is  to  say,  they  have  the  property  of  absorbing  water 
from  the  air.  Of  the  three  bodies  mentioned,  chloride  of  calcium  is  the  most  hygro- 
metric, and  is  of  constant  application  by  the  chemist.  Founded  on  the  hygrometric 
quality  of  common  salt,  and  other  saline  materials  contained  in  sea  water,  is  the 
property  which  certain  sea  weeds  have  of  becoming  moist  in  damp  weather,  and  of 
indicating  by  their  dry  crispness  an  opposite  atmospheric  condition. 

Although  aqueous  vapour  be  always  present  in  the  atmosphere,  it  is  not  always 
Tinble.  Frequently  it  is  quite  transparent,  and  only  demonstrable  by  the  process  of 
getting  it  out ;  but  at  other  times  it  aggregates,  becoming  vesicular,  and  forming  clouds, 
fog,  dew,  rain,  snow,  hail,  or  sleet 

Dew. — ^Although  the  philosophy  of  dew  is  now  perfectly  well  understood^  no    \ 
atmospheric  phenomenon  before  the  happy  reseoiches  of  I>t.  "^liY^^^^^  TQRit%  Swi-  \ 
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perfectly  explained  and  involved  in  greater  mjsterj.  The  formmtioa  of  dew  is 
immediately  referable  to  the  function  of  radiation,  oonoeming  which  it  will  be 
proper  to  make  a  short  explanation  in  addition  to  that  which  has  been  already  akated 
at  page  480. 

In  that  place  the  general  indication  only  has  been  made  that  a  heated  body— fo 
example,  a  cannon-ball — ^if  luqpended  in  space,  darts  off  heat  cognizable  on  tempezatore 
under  the  condition  of  rays.  It  remains  now  to  be  stated  that  the  fuaction  of  ladiatios 
is  determined  as  to  its  extent  by  the  surface  of  bodies :  rough  metallic  Bur£soeB  radiate 
more  than  those  which  are  smooth ;  glass  surfaces  radiate  more  than  metallic  surfaces; 
plants  radiate  more  than  the  earth ;  grass  and  leaves  more  than  bushes  aiid  trees ;  looee 
gravelly  land  more  than  hard  soil. 

To  demonstrate  tLe  effect  of  surface  on  radiation,  many  instructiye  experiments  may 
be  performed  by  means  of  the  differential  thermometer  and  a  eubioal  canister  of  txa 
plate.  If  such  a  canister  bo  taken,  and  one  side  of  it  scratched,  another  polished 
smooth,  another  painted  white,  and  the  fourth  black,  a  mixture  of  lamp-Uack  and  siie 
being  used  by  preference  for  the  latter  purpose — if  the  canister  be  now  filled  with  hot 
water  and  held  between  the  two  bulbs  of  a  diffarential  ther- 
mometer as  represented  in  the  accompanying  diagram  (fig* 
40),  each  side  of  the  canister  will  represent  and  indicates 
different  amount  of  radiating  influence,  as  shown  by  tiie 
complementary  disturbance  of  the  two  mercurial  columnL 
It  will  be  found  that  the  polished  side  has  the  min^fii^T", 
and  the  blackened  side  the  maximum,  radiating  effect  It 
will  soon  be  perceived  that  these  deductioua  concerning  the 
property  of  radiation  are  intimately  connected  with  the  phi- 
losophy of  dew. 

Until  the  experiments  of  Dr.  Wells,  which  will  be  soon 
adverted  to,  the  most  erroneous  notions  prevailed  oonceming 
the  theory  of  dew.  According  to  some  it  fell  from  the  sky, 
according  to  others  it  rose  from  the  ground,  both  which 
theories  are  altogether  untenable. 
It  is  a  sufficient  answer  to  the  proposition  that  dew  falls  fi.'om  the  sky,  to  say  that 
dew  never  occurs  when  nights  are  cloudy;  and  it  is  a  sufficient  answer  to  the 
statement  that  it  rises  from  the  ground,  to  remark  that  a  slight  screen  thrown 
on  the  groimd,  or  elevated  above  the  ground,  is  incompatible  with  the  formation  of 
dew. 

The  theory  of  dew  is  hardly  explained  by  a  considerati<»i  of  the  laws  of  radiant 
heat.  The  starting  point  of  the  investigation  is  the  atmosphere.  Now  the  atmosphere 
always  contains  moisture,  as  I  have  already  explained,  and  the  amount  of  this  moisture 
will,  eaieris  paribtu,  be  correlative  wiih  the  degree  of  atmospheric  heat  at  the  time.  I^ 
then,  the  atmosphere  being  raised  to  its  fullest  point  of  saturation  for  any  given  degree 
of  temperature,  that  temj^^erature  should  by  any  chance  fall,  the  result  will  necessarily 
be  a  deposition  of  moisture.  Let  us  now  apply  these  principles  to  the  conditions  of 
a  heat-radiating  surface  of  the  earth  and  a  douded  sky.  In  this  case  no  dew  occurs,  nor, 
according  to  theory,  should  any  occur,  inasmuch  as  the  clouds  perform  the  functions  of 
a  second  radiating  surface.  The  earth  radiates  heat  owing  to  the  clouda ;  but  the  cloode 
in  their  turn  radiate  heat  back  again  to  the  earth ;  whence  it  follows  that  the  earth 
j  pi'sotioally  does  not  lose  heat,  %n<i  its  temperature  not  falling  below  the  tempefatuxe 
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of  th&  cireuEaambient  atmoflf^her^  no  atzooi^l^eirio  moistuie  cnn  be  d^pogitod  ;  in  other 

WordRp  nci  deT  can  oooar. 

FoT  tlieee  fd&ti  we  B3te  indebted  to  the  lat«  Br,  Welb.    Tbey  arc  detnonstrated  by 

tbotuandfl  of  naturul  GondlUonsT  and    bear   tbe  teet   of  any  properly ^dcTis^    ex^ 

penment. 

Th©  following  diagmm  (Fig.  41)  is  intended  to  tbow  tbu  manner  in  wMdi  a  screen 

^U  prevent  the  occurrence  nf  dtw.     Two  plat««  of  gtaes  ore  represented  aa  inpported 

o?cr  an  cicpanse  of  gram. 
TJndcraeflth  the  ghi«a  plate 
not  tbe  sUgbtest  dew  will  lie 
found,  tb  ougb  tb  e  gniSB  around 
'will  bo  dewed  heaTilj* 

A  yery  pretty  illtifltratioil 
of  tbe  oondilioQfi  which 
regulate  tbe  formation  of 
de^w,  will  frequfintly  be  »up- 

pli^d  by  a  abeep  lymg  down  on  tbo  grass,  on  a  cIbeu",  tranquil,  eloudleaa  nighty  when, 

to  use  B.  popular  but  inonrrect  expn?*- 

aiou,  dew  is  falling;  it  will  be  found 

tb»t  tbe  upper   port  or  aapect  of  the 

wool  of  a  sbocpT  14  completely  drenohed 

with   di.n\%  il though  thcs  under  part  or 

cispeot  of  the  animal  is  dry^  na  reprceented 

in  tlie  accompauicg  diagram  (Fig.  42). 
The  e^cplonatiou  of  this  pbtmomenon 

wll!  be  80  obvious  that  no  further  reuiark 


FJff.4l. 


Fig*  i:. 


concemmg  ic  is  necessary » 

Consideration  of  the  la^^s  of  radiant  heat  will  render  manifL^et  the  reaton  wherefore 
Bomo  aurfaces  are  more  bedewed  than  others.  Tbe  ainouut  of  dew  will  depend^  emUrii 
parihm^  on  two  circumatancefi  —firstly,  on  the  kiodof  surface  j  and  fleeondly,  at  ita  angle 


of  incliuation.     Eeference  has  already  been  made  to  the  eomparatiTO  facility  wherewith 
oerlain.  bodies  found  in  imtnre  favour  the  depodtion  of  dew  u^pcsa  Itiism,  ikA  '^^  -msi^ 
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c^iual  obierrer  canimt  fail  to  be  struck  with  the  diSorence.    In  tUl  nmm,  U&e  bodlei 

which  indicaU  bent  am  ihs  okkI 
JaTOCrmMe  to  the  depoisitLon  of  3^w  upm 
them.  Few,  if  aiij,  objeeta  na^umltf 
oeciuriiig^  are  io  lolicitoiis  of  dew  m 
■pidenf  webs ;  and  no  object  pfCM^t  thfl 
phenomeGft  of  dew  under  «  gmie  m 
be«atifuL  Neit  unfrequentlj  i  thin 
filatn?at  of  {^obTsb,  so  bidaII  tbit  it 
wotild  be  invisible  to  the  nsked  ej% 
pfteeents  iteelf  to  Ihe  tisitm  on  f&  devj 
mommg  &»  If  it  wec«  strung  with  littk 
peaila  (Figs-  4S,  44). 

Hiat  aijguhkr  mdmMJdxm.  of  a  bo^ 
ibould  inflneiice,  ^nd  be  intimitdf 
coBneded  with,  the  ftmi^tion  of  dev 
formation  directly  foUowe  ffom  a  eon- 
sidex^tion  of  the  laws  of  radiant  matter; 
and  it  m&j  be  readilj  illiiatr«ted  bft 
diagrvn,      I^et  ns   be  afBored  that  t 
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screen  of  gksa  b{>  lupported  orer  the  mdiating  ttir&ee  of  the  earth — in  on*  cue 
hurixontally,  in  the 
other  ease  at  an  &a- 
gukr  inclinationi  ai 
represented  bj  thti 
acQoinpanying  dia- 
gTOma(Fi§s,  iS,  46). 
It  will  be  oTident 
that  the  horizontal 
glass  in  F%.  45  will  Fi^*  4^. 

radiate  back  ntore  he^t  than  the  dia^aal  glass  in  Fig,  46* 

Jkia^mtnation  of  ike  Ammni  &/  T^eu*.— ilthongh  the  laws  which  regulate  the  &fEria^ 
tion  of  dew  are  perfectly  well  known,  and  a  rongh  method  of  detenmning  th«i  amount 
of  dew  deposition  not  difficult,  yet  no  cor«<^t  means  of  eatimating  iti  actual  amoiait 
has  yet  been  devised.  Inatramenta  fgcr  determining  the  tmoisnt  of  dew  are  called  dro- 
someters. A  drosomefer  ia  a  balance,  suspended  to  one  arm  of  whidb  is  a  plate,  to  the 
oihet  a  pan  eontaimng  weights  exactly  proportionate  to  the  weight  of  the  plate,  so  thit 
both  may  be  in  eqmlibrio.  Supposing  dew  to  be  deposited  on  the  plate,  eridently  this 
latter  will  increase  ia  weight  by  the  amount  of  snch  depodtioti,  snd  a  deriAtion  of  th* 
beam  &oin  tlie  hodaonbd  will  ensue.  The  principle  of  the  Inatmment  is  nimnpeich^ 
able,  but  in  practice  it  is  imperfect  Instead  of  the  plate  aa  dcscrihed,  reconiae  majbfl 
had  to  a  led;  of  wod.  or  ^d^-down,  or  one  of  a  large  ch<nce  of  hygrometrif:  mjiterkk 
Bodies  of  this  kind  were  employed  by  WeBa,  Wilaoil  and  FlangcTgne  had  Teeourae  to 
a  plate,  but  it  teems  that  the  raatoiaU  employed  by  Br.  WeHa  should  have  the  p«- 
Krenoe. 

A  Tery  inatruttiTe  experiment  relatuig  to  dew  fbrmadon,  and  one  which  may  be 
i^fardcd  $A  pres^iting  a  summary  of  the  whole  matter,  is  as  follows  ;— 

If  an  a  dear,  doudlesa  ma^l^  wWvlsw  tiWai^4«^iadie<  a  ghus  ball  (Fig.  47)  b& 


HONTT  DEW. 


4S3 


r\ 


suspended  in  the  open  air  some  height  from  the  ground,  dew-drops  will  form  on  the  | 
hall ;  not,  however,  equally  on  all  portions  of  its  surface. 
Firstly,  its  upper  aspect  will  he  hedewed,  then  its  sides ; 
hut  only  rarely,  and  in  extreme  oases,  the  inferior  aspect 
of  the  glass  glohe  hecomes  ooyered  with  dew-drops,  and 
when  they  do  occur  they  are  very  small ;  indeed,  a  com- 
plete gradation  of  size  is  manifest,  the  dew-drops  decreas- 
ing  in  size  as  the  upper  aspect  of  the  glohe  is  departed 
from. 

GrnieraUzations. — The    following  generalizations    re- 
lating to  the  phenomena  of  dew  may  now  he  appended  ; 
they  will,  for  the  most  part,  he  seen  to  he  directly  dcdu- 
cihle  from  a  consideration  of  the  laws  of  radiant  heat: — 
Clouds  and  brisk  winds  are  both  inimical  to  the  formation 
of  dew ;  the  former,  because  of  their  own  radiating  power ; 
the  latter,  because  of  the  removal  of  cool  air,  its  place  being 
supplied  by  air  already  warmed.    If  the  night  be  cloudy, 
and  the  wind  still,  yery  little  dew  results.    If  clouds  and 
wind  occur  together,  dew  is  totally  absent.     Screen-like 
objects  interposed  between  the  sky  and  the  radiating  sur- 
face produce  an  effect  identical  with  clouds,  hence  bodies 
freely  exposed  to  the  atmosphere,  cateris  paribus,  are  most 
freely  bedewed.  Morning  and  evening  are  not  the  times,  as 
commonly  supposed,  when  dew  is  formed  most  copiously. 
It  is  deposited  at  all  hours  of  the  night,  but  most  copi- 
ously rather  after  midnight.     It  sometimes  occurs  even  Fig.  47. 
before  night,  late  in  the  afternoon.    Dew  is  not  deposited  with  equal  readiness  in  all 
parts  of  the  world,  but  attains  its  maximum  in  warm  lands  near  the  margin  of  the  sea, 
rivers,  or  lakes ;  as,  for  example,  near  the  Ked  Sea,  the  Persian  Gulf,  the  coast  of 
Coromandel,  at  Alexandria,  and  in  Chili.    It  is  quite  absent  in  very  arid  regions,  in  tho 
interior  of  continents — such,  for  example,  as  central  Brazil,  the  Sahara,  and  Nubia; 
neither  does  it  frequently  occur  at  sea,  because  of  the  bad  radiating  quality  of  a  surface 
of  water. 

The  imperfect  radiation  of  a  surface  of  water  is  well  illustrated  by  the  following 
striking  experiment :— Glass  is  a  good  radiating  surface;  whence  a  piece  of  glass 
freely  exposed  in  an  atmosphere  when  dew  is  forming  soon  becomes  covered  with  dew. 
If,  however,  the  glass  have  its  surface  wetted  previously  to  exposure,  instead  of 
hecoming  more  wet  it  hecomes  dry,  simply  because  radiation  is  impeded,  and  evapo- 
ration takes  place  unchecked.  CksterU  paribusy  the  amount  of  dew  produced  will  be 
proportionate  to  the  amount  of  aqueous  vapour  present  in  the  atmosphere,  and  thus 
readily  explains  the  fact  that  a  copious  production  of  dew  is  frequently  the  precursor 
of  rain. 

Soney-JDeuf. — Occasionally  a*^  sweet,  damp,  sticky  moisture  attaches  itself  to  leaves 
during  the  night,  and  does  not  disappear  throughout  the  day.  The  term  honey-dew 
has  commonly  been  applied  to  it,  though,  in  point  of  fact,  it  is  not  dew  at  all,  being 
merely  aia  excretion  from  certain  insects  termed  aphides, 

^«iir-i^/v«/.—- Hoar-frost  differs  only  from  dew  in  the  circumstance  of  temperature. 
One  is  deposited  and  remains  uncongcalod ;  tho  other,  VecomViv^  ^^^tA^^s^K^V^  *^^ 
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agency  of  freezing  oold,  U  concerted  into  ice.  Every  meteorologioal  obwrrer  knowi 
that  the  exiBtence  of  hoar-frott  ia  held  to  be  indicatiye  of  coming  rmn,  and  in  most 
instances  the  opinion  is  yerified.  The  phenomena  of  hoar-frost  are  even  more  heanlifal 
than  the  corresponding  ones  of  unfrozen  dew.  Upon  leavea  and  Tegetable  stems  the 
deposition  of  hoar-frost  is  particularly  beautifoL  If  hoar-frost  be  examined  mieroscih 
pically,  or  sometimes  eyen  attentively  by  the  naked  eye,  a  crystalline  atrnotuie  will  be 
evident.  The  crystals  belong  to  the  same  crystallographio  system  (the  ihombdiediie) 
as  those  of  snow,  but  their  general  appearance  is  somewhat  difl^rent. 

Fogs. — Fogs  may  be  regarded  as  clouds  which  form  close  to  the  earth's  sucfiMe; 
hence  we  might  discuss  their  peculiarities  under  the  general  head  of  cknida.  They  ne 
characterized  by  some  peculianaties,  however,  chiefly  dependent  apon  the  Tesieobr 
aqueous  vapour  of  which  they  are  composed,  embracing  and  retaining  Tolatile  partioks 
evolved  naturally  or  from  the  operations  of  man.  In  this  way  it  ia  well  known  tint 
London  fog  is  anything  but  pure  aqiieous  matter.  One  of  its  Teiy  importaiit  consti- 
tuents is  the  coDdensiblc  part  of  smoke.  As  regards  the  production  of  fog  it  is  vmuiBj 
referable  to  one  of  two  circumstances :  either  non-visible  aqneons  rapour  may  he  con- 
verted into  the  visible  ov  vesicular  form  by  decrease  of  atmospheric  temperatme  imme- 
diately, or  by  the  cooliug  agency  of  the  earth's  surface  depressing  the  temperatore  of 
the  layer  of  air  ncjct  to  it  below  the  dew  point.  In  this  country,  and  in  Europe  gene- 
rally, fogs  are  of  must  frequent  occurrence  in  spring  and  autumn.  There  axe  regioD% 
however,  in  which  fogs  prevail  throughout  the  year.  The  coasts  of  California  are 
almost  constantly  veiled  in  fog ;  and  the  same  remark  applies,  in  a  minor  degree^  to  the 
western  coast  of  the  Amerioar  continent,  even  so  far  south  as  Fern.  Newfoundland, 
Nova  Scotia,  and  Hudson's  Bay,  are  aU  subject  to  frequent  and  dense  fogs,  attribntaUe 
in  these  localities  to  the  condensation  of  vapour  which  arises  from  the  hot  galf-Btieam 
by  contact  with  neighbouring  and  colder  air.  Fogs  do  not  occur  so  frequently  on  kvd 
plains  as  on  mountainous  regions.  In  Arabia  and  the  arid  table-land  of  Persia  they  are 
almost  altogether  wanting.  London  fnd  Amsterdam  have  acquiied  a  somewhat  evil 
character  for  fogs ;  but  this  meteoric  condition  applies  to  many  other  European  locafi- 
ties  with  an  almost  equal  amount  of  propriety.  At  Antwerp  fogs  are  Tery  prevalent, 
and  the  navigation  of  the  lower  and  middle  Bhine  is  sometimes  impeded  for  weds 
together  by  the  occurrence  of  this  pest  of  the  sailor.  Neither  can  Paris  boast  of  orach 
immunity  from  fogs ;  they  ai*e  somewhat  less  dense  and  less  frequent  than  oor  own 
London  fogs,  it  is  tme,  but  are,  nevertheless,  far  from  oontemptihle.  Amongst  the 
regions  which  are  likely  in  future  to  be  celebrated  for  the  prevalence  of  fogs,  the  Blmk 
Sea  may  be  enumerated.  Until  recent  events  that  locality  was  comparatiYely  unknown 
to  us ;  and  since  the  conveying  of  stores  to  our  troops  in  the  Crimea  has  necessitated 
its  continuous  navigation,  the  embarrassment  of  fogs  has  only  been  too  apparent. 

Thy  Fojfs.—TJndet  this  name  has  been  described  a  dull  opaque  appearance  whiditiw 
atmosphere  of  certain  regions  occasionally  assumes,  deadening  the  fiery  beams  of  die 
sun,  and  dulling  that  luminary  so  that  he  may  be  looked  at  without  pain  bytheBsksd 
eye,  and  embarassing  respiration. 

The  dry  fog  is  most  common  in  certain  parts  c^  North  America,  during  the  period 
known  as  the  Indian  Summer,  It  also  occurs  in  Germany,  and  more  rarely  in  Eag^ 
land.  There  can  be  no  doubt  that  many  atmospheric  opacitiea,  difoenf  in  character  ti 
well  as  in  cause,  have  been  summarily  classed  under  the  denomination  of  4ry  fig.  When 
the  phenomenon  oocarred  locally,  it  can  generally  be  traced  to  such  canses  as  the  ban- 
ing-of  eztensive  districts  of  tuxi  or  oi  ioYcx^    'When its  preralenoe  ismore  general,  the 
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most  national  explanation  vould  seeoi  to  be  that  whioh  attributes  it  to  volcanic  ernp- 
tiosB.  Some  meteorologista  bare  invoked  eleotricitj  as  the  cause  of  this  phenomenon, 
but  it  is  not  easy  to  see  in  what  way  the  asiumed  cause  could  produce  the  effect  in 
question.  Electricity  has  long  been  to  meteorologists  what  the  class  radiata  was 
to  OuTier ;  namely,  die  receptacle  for  things  unknown  or  unexplained. 

Olonds. — Clouds  are  perhaps  the  most  beautiful  of  all  aerial  phenomena.  All  the 
ohirms  of  changeful  Tariety  of  colour,  of  form,  and  of  motion  are  theirs ;  nor  is  their  utility 
inlierior  to  their  beauty.  Without  clouds  there  would  be  neither  rain,  nor  snow,  nor  hail ; 
to  consequences  of  this  deprivation  may  be  anticipated,  or  they  may  be  readily  learned^ 
by  turning  to  the  geography  of  countries  where  rain,  and  snow,  and  haU  are  unknown. 
All  regions  thus  circumstanced,  provided  irrigation  be  impossible,  and  that  the  altogether 
•xceptional  condition  of  copious  dews  be  absent,  are,  despite  the  most  fayonrable  con- 
ditions of  climate  and  of  soil,  barren  wastes. 

Notwithstanding  the  thousandfold  varieties  of  clouds — ^their  protean  shapes,  their 
xaaaifoM  colours,  and  other  distincticms — ^when  the  observer  comes  to  regard  them 
with  a  scnitiniEing  eye,  he  will  not  fidl  to  recognise  broad  distinctions  between  them, 
admitting  of  being  made  the  basis  of  a  i^osophio  dassifieation.  Thus,  some  clouds 
an  devoid  of  outline,  their  edges  merging  away  into  dreumambient  air ;  some  are 
black  and  massive,  almost  conveying  the  idea  of  a  hard  substance ;  some  are  white 
and  fleecy ;  others  extended  like  a  pennon.  All  these  are  forms  of  cloud  which  present 
manifest  distinctians  amongst  themselves.  Mr.  Howard  was  the  first  who  effected  a 
regular  dassifioation  of  clouds.  This  elassification  is  now  generally  adopted,  I  shaO, 
thefefioie,  psesent  the  reader  with  an  outline  of  his  system.  According  to  this  meteoro- 
logist, there  are  three  elementary  and  four  secondary  forms  of  cloud. 

Primary  Formt. — The  first  primary  form  is  the  tirrusy  consisting  of  feathery  expan- 
sions,  and  which  is  only  ^een  in  clear  weather. 

The  second  primnry  form  of  cloud  is  the  citmulttSj  composed  of  large  hemispheroidal 
masses  superiorly  and  apparently  resting  below  on  a  horizontal  base.  This  form  of 
cloud  chiefly  occurs  in  summer. 

The  third  primary  form  of  cloud  is  stratus,  composed  of  horizontal  layers,  the  smaller 
layers  being  underneath.  It  is  this  form  of  cloud,  more  than  any  other,  which  presents 
itself  under  a  variety  of  beautiful  colours.    It  chiefly  appears  at' sunset. 

Secondary  Forms, — The  secondary  forms  of  clouds  are — (1)  Cirro  cumttht$.  It  is  a 
mixture,  as  its  name  indicates,  of  cirrus  with  cumulus,  and  is  made  up  of  an  aggre- 
gation of  small  white  clouds,  which  have  been  compared  to  a  flock  of  sheep.  (2)  Cirro 
stratus.  A  compoimd  cloud,  which  is  formed  of  the  two  primary  clouds  embodied  in  its 
name.  (3)  Cumuh  stratus.  This  compound  cloud  chiefly  appears  towards  night  in  dry 
windy  weather,  and  is  of  a  leaden  colour.  (4)  Nimhus,  or  rain  eloud.  This  cloud  is 
seen  in  greatest  perfection  during  a  thunder-storm.  All  the  varieties  of  clouds 
described  aro  represented  in  the  appended  diagram  (Fig.  40). 

It  will  be  readily  anticipated  that  clouds  are  frequently  so  mingled  and  con- 
founded, that  they  are  not  always  susceptible  of  the  precise  classification  just 
announced;  nevertheless,  a  prevalence  of  one  type  of  cloud  over  another  will  be 
generally  seen  to  prevaiL 

Relation  bettoeen  Clouds  and  ths  Weather.-^V^o^Q  who  are  in  the  habit  of  narrowly 
studying  the  phenomena  of  clouds,  aro  enabled  to  draw  conclusions  of  much  accuracy 
respecting  the  coming  weather.  Thus  cirro  cumuli  are  for  the  most  part  indicative  ^i 
serene  fidr  weather ;  the  prevalence  of  wind  subsequently  to  >i5[vft  wjpgftiwwwi^  ^^  -Hs^a-^a. 
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extended  and  higtly-coloured  atratus  clouda,  is  a  matter  of  popular  ej:penfi(D&e.    The 
appeitnuifce  of  nimbui  djouds  proddnu  the  advt  nt  of  rnin  ;    and  the  ciiro  stmtoi 


Fit.  ^a* 
whicli  iometimcB  colours  iLo  gkj  as  with  a  veil,  all  wcU-defincd  form  being  abseiit^  ii 
almoEt  a  sure  foreiiiniier  of  had  weather. 

C^mpmition  of  ChmU, — That  clou  da  are  compoaed  of  water  in  some  couditiaii  doea 
not  require  to  be  demonstrated ;  hut  fiomo  Caspian ation  muflt  he  given  of  the  cincttm* 
itancea  enabling  water,  a  ui atonal  so  much  heayier  thou  atmospbeTic  airj^  to  remaia 
suepefflded  frequentlj  in  very  elevated  regions,  where  the  ntmoaphere,  thin  lliotJgh  il 
he  on  the  earth' a  surface,  is  itill  more  attisnuated*  This  ia  a  matter  which  it  mint  be 
confessed  is  still  veiled  in  considemblo  obficiuity ;  hut  perhapa  the  most  radonBl  «x^ 
planalion  of  eloud  formation  is  the  following  i^Firatly,  aqueoua  vapour  ia  diffused^  or 
rather  absorbed,  invieibly  ihronghoat  the  air,  Tbe  laws  of  the  abaorption  or  difiiiaicffl 
are  perftictly^well  known.  The  amount  differs,  as  we  have  already  seen,  for  difieeent 
temperaturea,  being  proportionate  to  tbe  tt'iupcmture.  AEsuniing,  then,  that  the  upper 
regioQfi  of  the  atmosphore  at  aay  time  are  saturated  with  atmofipherio  moisture  m  iu 
invisible  oondition,  let  us  now  contemplate  the  effect  of  cooling  that  atmosphere  bj 
any  cause.  It  is  not  diMeult  to  fumijih  reasons  for  these  cooling  agencies  i  they  tx» 
ntimerous  ami  varied — such  aa  sudden  variatioos  of  electric  condition,  sudden  variSp 
lioQH  in  the  direction  of  winds;  If,  then,  from  any  cause  the  atmosphere  i*  cooled 
below  its  capacity  for  holding  vapour  in  the  invisible  fonUi  aqueous  deposition  occurs 
If  this  deposition  take  place  on  the  earth's  surface,  the  result  i*  dew ;  if  alo^  in  tJte 
air,  wo  have  a  cloud. 
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Thus  far  th  steps  of  each  succeeding  change  are  eyident ;  but  the  remaining  points 
of  cloud-fonnation  are  more  obscure,  the  circumstance  of  chief  difficulty  being  to  find 
an  explanation  of  the  aerial  permanence  of  douds,  seeing  that  the  material  of  which 
tiiey  are  composed  is  so  much  heavier  than  air.  Probably  the  most  consistent  expla- 
nation is  thia: — Atmospheric  moisture,  when  it  changes  fix)m  the  invisible  to  the 
yisiblo  form,  aseumes^the  physical  condition  of  spheroids  or  vesicles — ^minute  bubbles  of 
water,  in  point  of  iiaot,  each  bubble  filled  with  air.  If  these  vesicles  be  exposed  to  the 
son's  rays,  it  is  evident,  from  consideration  of  known  laws,  that  they  must  become 
specifically  lighter  than  the  surrounding  medium ;  and  thus  affected,  ihcy  would  float, 
for  the  same  reason  that  a  soap-bubble  floats  whilst  it  is  yet  warm,  notwithstanding  that 
the  air  which  it  contains  is  heavier  than  the  surrounding  atmosphere.  "We  seem,  there- 
fore, in  a  position  enabling  us  to  account  for  the  upper  part  of  cloud  strata.  Directing 
our  attention  now  to  the  lower  port  of  these  strata,  it  seems  rational  to  assume  ,that  the 
r  of  which  they  are  composed  should  descend.  Probably  they  do  so ;  continuing 
descout  until  Ihey  oome  in  contact  with  an  atmosphere  sufficientiy  warm  to  dis- 
solve their  aqueous  coating,  and  convert  their  water  once  more  into  the  vaporous  or 
invisible  fDrm.  Thmi  it  may  be,  and  most  probably  is,  that  a  doud  which  looks  per- 
manent to  the  ey«|  Is  really  exposed  to  the  continued  operation  of  resolution  and  re- 
formation: or,  zather,  that  the  two  opposing  causes,  which  are  here  spoken  of 
as  producing  active  ohangeSy  balance  themselves,  and  give  rise  to  a  condition  of 
equipoise. 

Although  it  has  hitherto  been  taken  for  granted  that  clouds  are  formed  of  unfrozen 
water,  we  know  that  such  is  not  invariably  the  case.  If  the  temperature  of  a  nimbus 
cloud  sinks  to  freezing  point,  or  32**  F.,  its  contents  freeze,  and  snow  is  the  result. 
Many  philosophers,  indeed,  but  more  especially  Kacmtz,  are  of  opinion  that  the  cirrus — 
the  cloud  which  soars  in  the  highest  regions,  frequcntiy  at  an  elevation  not  less  than 
20,000  feet  above  the  earth's  surfiu^e — consists  of  particles  of  snow  or  ice.  Assuming 
this  to  be  the  case,  it  is  not  easy  to  advance  the  reason  of  such  molecules  remaining  aloft 
in  a  medium  so  attenuated  as  is  atmospheric  air  in  a  position  so  elevated. 

Position  of  Clouds. — It  is  somewhat  remarkable  that  every  known  form  of  cloud 
assumes  more  or  less  the  horizontal  position.  Vertical  clouds  are  very  rare ;  and  if  we 
choose  to  except  water-spouts,  not  recognizing  them  as  clouds,  perhaps  we  may  say  un- 
known. The  horizontality  of  clouds,  warrants  their  being  spoken  of  as  composed  of 
strata;  generally,  indeed,  these  strata  are  very  well  defined.  MM.  Paytier  and 
Hoflieu*d  have  carefully  examined  the  thickness  of  these  cloud-strata  on  the  Pyrenees, 
and  have  found  their  average  variation  to  bo  between  the  limits  of  3400  and  1600  feet. 
The  maximum  observed  thickness  was  5000  feet,  although  this  measurement  is  im- 
doubtedly  in  some  cases  greatiy  exceeded. 

Height  of  Clouds. — Several  meteorologists,  amongst  whom  Biccioli,  "Wrede,  Kacmtz, 
and  Arago  must  be  particularly  mentioned,  have  set  themselves  to  the  task  of  discover- 
ing the  height  of  clouds.  The  methods  by  which  these  investigations  were  made  have 
been  various.  Riccioli  determined  their  height  by  placing  two  observers  a  certain  and 
known  distance  apart ;  "Wrede  by  making  use  of  their  shadows,  and  then  reducing  the 
computation  of  height  to  the  solution  of  a  problem  in  trigonometry.  Biccioli  states  the 
maximum  height  of  clouds  to  be  25,000  feet,  and  Lambert  takea  Iheir  minimnm  height 
at  13,000,  whilst  their  maximum  height,  according  to  the  same,  another  is  from  15,000 
to  20,000  feet.  Gay  Lussac,  when  he  acquired  in  his  balloon  an  elevation  of  21,600  feet, 
perceived  small  clouds  floating  still   much  above  him.      Perhaps  the   statements  of 
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Kac'mtz,  relative  to  the  height  of  clomls  above  the  earth,  are  the  most  trustwoitty. 
lie  believes  the  usual  range  of  cumulus  to  be  fix)m  t3000  to  10,000  feet ;  a£  ciirus  from 
10,000  to  24,000  feet ;  of  nimbus,  or  thunder-cloud,  between  1500  and  5000  feet  Thai 
very  accurate  physieist  Pouillet,  m  the  result  of  certain  experiments  perfonned  in  1840, 

states,  that  he 
hasjirovedtk 
existence  of 
doiidfl  at  in 
cleyation  fram 
about  22,300 
to  38,000  feet, 
and  probaUy, 
aa  thegencnl 
result  of  lU  re- 
corded tnut- 
worthy  obaer- 
vations  on  the 
elevation  of 
clouds,vemaT 
aiiiye  at  the 
conclusionthat 
cirrus  does  not 

^^«-  *^-  descend  hdoiF 

2000  or  3000  feet,  whilst  riimbus  occotiionally  descends  so  low  that  it  approaches  ths 
c&rth  within  a  few  hundred  feet  of  surface.  The  maximum  mean  devation  of  clouds 
ficems,  in  low 
latitudes,  evi- 
dently on  ac- 
count of  tin- 
fireatiT  capa- 
city      of       till.' 

atmosphere  t> 
absorb  and  dis- 
solve aqueou.5 
vapour.  It 
should  here  be 
remarked  that 
Ihi;  fU'vati'iu 
of  a  cloud 
cannot  be  de- 
terniiued  by 
ruforencc  tt)its 
apparent  place 
the     sky ; 


t'ig.  50. 


and,  except  the  distance  be  known,  neither  can  its  actual  size.  Those  remarks  are 
illustrated  by  the  accompanying  diagram  (Fig.  50),  where  the  same  cloud  will  be  seea 
at  different  times  under  very  diflPerent  angles  by  the  same  observer,  as  reference  to  the  angles 
A  E  C  and  B  E  I)  will  testify,  whence  the  height  would  diflfer  for  two  different  statures. 
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And  again,  in  the  subjoined  diagram  it  is  demonstrated  that  the  observer  at  A  will 
see  clouds  which  are  giiite  iuyisible  to  another  observer  at  B. 

Rain. — When  from  v^j  cause  doud- vesicles  aggregate  into  drops,  and  these  drops 
&31f  the  result  is  rain.  Bain  would  appear,  therefore,  to  be  necessarily  dependent  on  a 
cLoud ;  and  iu  a  large  majority  of  instances  we  find  this  to  be  the  case.  Still,  the  phe- 
nomenon of  rain  without  clouds  is  well  attested.  The  amount  of  rain  which  MLs  at 
any  place,  and  at  any  stated  interval,  may  be  readUy  estimated  by  means  of  an  instru- 
ment termed  a  pluviameter,  or  rain-gauge.  The  principles  on  which  this  instrument  is 
founded  are  of  the  simple  kind.  If,  for  example,  a  cup  or  basin,  of  known  cubic 
capacity  and  known  orifice,  be  exposed  so  that  it  may  receive,  the  fallen  drops  of  rain, 
the  cup  or  basin  would  be  a  rough  rain-gauge.  Were  it  not  that  the  collected  water 
thus  exposed  would  be  continually  evaporating,  thus  apparently  diTninishiTig  the  total 
&II  of  rain,  no  better  rain-gauge  need  be  desired ;  but  in  practice  it  is  necessary  to 
provide  against  such  evaporation ;  and  it  is  usually  accomplished  by  forming  an  instru- 
ment of  such  construction  that  one  part  may  be  destined  to  collect  the  fallen  rain,  and 
another  part  to  diniiniBb,  within  the  smallest  limits,  the  amount  of  evaporation.  In 
tazpressing  the  amount  of  rain  which  fidls  at  any  particular  spot,  it  is  necessary  to 
express  the  height  also  at  which  the  observation  is  made.  The  annual  fall  of  rain  increases 
as  land  acqriires  elevation ;  nevertheless,  at  one  and  the  same  place  the  amount  of  rain 
decreases  with  elevation,  for  the  reason  that  each  drop  of  rain  throughout  its  descent 
goes  on  collecting  moisture  and  becoming  larger.  Dalton  appears  to  have  been  the 
first  to  notice  this  fact.  He  proved,  on  comparing  two  sets  of  observations, — one  set 
made  at  the  base,  the  other  at  the  summit,  of  a  high  tower, — ^that  the  amount  of  rain  at 
the  top  to  that  at  the  bottom  was  as  two  to  three.  Similar  observations  made  at  the 
Paris  Observatory  have  led  to  similar  results.  This  variation  between  the  amount  of 
rain  at  different  elevations  in  one  locality,  is  the  more  considerable  as  the  point  of 
aerial  saturation  is  more  nearly  attained ;  for  which  reason  it  is  less  in  summer  than  in 
winter.  The  heaviest  rains  usually  occur  in  the  tropics,  and  during  the  hot  season. 
There  the  fell  of  rain  is  enormous,  sometimes  amounting  to  an  inch  per  hour ;  nay, 
Hiunboldt  has  related  that  in  South  America  no  less  than  five  inches  of  raih  fell  in  one 
hour.  In  these  islands  we  can  hardly  say  that  any  one  season  merits  the  designation 
of  the  rainy  season;  but  in  tropical  regions,  except  the  belt  of  calms,  and  in  the  sub- 
tropical regions,  the  separation  between  the  dry  and  rainy  seasons  is  well  marked. 
In  the  continental  jwrtions  of  the  torrid  zone,  the  rainy  season  sets  in  when  the  summer 
heat  attains  its  maximum,  and  continues  during  four  or  five  months,  the  atmosphere 
being  dear  and  bright  throughout  the  remaining  portion-  of  the  year.  Near  the  equator 
there  are  two  wet  seasons,  sometimes  separated  from  each  other  by  a  totally  rainless 
period,  but  at  other  times  demarcated  only  by  periods-  of  maximum  and  minimum  fall  of 
rain.  Dutch  Guiana  furnishes  the  well-known  illustration  of  a  country  having  two  well- 
marked  rainy  seasons :  one,  and  that  the  chief,  commences  in  April,  and  lasts  till  Juno ; 
"the  other,  or  minor  rainy  season,  commeftiBing  in  the  middle  of  December  lasts  till 
the  middle  of  February.  The  drops  of  tropical  rain  attain  a  magnitude  never  seen 
in  the  tamer  showers  of  these  northern  regions ;  their  weight  is  so  considerable,  and  the 
force  with  which  they  descend  so  great,  that  their  splash  or  stroke  leaves  a  smarting 
sensation  on  the  skin.  The  region  situated  between  the  influence  of  the  two  trade- 
winds,  and  commonly  known  as  the  region  of  calms,  is  devoid  of  periodic  rains,  although 
the  fell  of  rain  there  is  frequent  and  heavy. 

BaitUesa  Fortiona  of  the  ^r<^.-— There  are  some  localities  in  which  rain  never 
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occurs :  for  example,  Egypt,  the  Deaert  of  Sahara,  the  table-lands  of  Persia  and  Mon- 
golia, the  rocky  flat  of  Arabia  Petrsea,  &c.  Bain  is  generally  the  most  abundant  near 
mountain  ranges ;  but  there  are  exceptions,  one  of  the  most  remarkable  of  which  is 
presented  by  the  part  of  Spain  south  of  the  Sierra  Nevada. 

Condition  of  Europe  with  regard  to  Bain. — ^Europe,  considered  in  relation  to  (he 
prevalence  of  rain,  admits  of  being  divided  into  three  districts — ^the  South  European, 
the  Middle  European,  and  the  Swedish.  In  Portugal  and  the  larger  portion  of  southern 
and  central  Spain,  there  is  an  almost  total  absence  of  rain  during  summer ;  but  north  of 
the  Pyrenees,  rain  occurs  at  variable  times  throughout  the  whole  year.  All  the  portions 
of  Europe  north  of  the  Alps  and  Pyrenees  are  subject  to  the  Middle  European  and  the 
Swedish  pluvial  conditions.  The  characteristic  of  the  Middle  European  climate  as 
regards  rain  is,  that  the  latter  chiefly  occurs  during  westerly  winds;  whereas  the 
Swedish  climate  is  characterized  by  the  prevalence  of  rain  during  both  easterly  winds 
and  westerly  winds,  which  bring  rain  to  the  whole  of  Central  Europe,  and  deluge  <m 
isles  with  wet,  leaving  the  bulk  of  their  moisture  by  the  moimtainous  Scandinavian 
range  which  separates  Norway  from  Sweden.  St.  Petersburg  and  Moscow  cannot  he 
said  to  belong  either  to  the  Central  or  Northern  European  climate ;  these  places  lie 
on  the  confines  of  both ;  hence  neither  westerly  nor  easterly  winds  are  there  prevalent 
In  England,  the  maximum  number  of  rainy  days  throughout  the  year  occurs  in  Com- 
wall  and  Devonshire ;  passing  thence  east  into  Central  Europe,  the  total  number  of 
xminy  days  per  annum  continually  declines.  If  we  assume  the  annual  amount  of  lain 
which  falls  at  St.  Petersburg  to  be  nearly  three,  the  corresponding  ftTiminl  amount  for 
the  "West  of  England  will  be  2*1 ;  in  Central  England,  1*4 ;  in  Central  Grermany,  1*2. 
This  statement  assumes  an  average  of  some  special  localities  to  have  been  taken  into 
consideration:  special  places  present  many  deviations.  In  describing  any  place  as 
subject  to  rain,  or  ramy,  distinction  must  be  made  between  the  actual  quantity  of  rain 
per  annimi  which  falls,  and  the  total  average  number  of  rainy  days.  Understanding 
by  the  latter  term  every  day  on  which  rain,  much  or  little,  falls,  the  number  of  rainy 
days  increases  in  Europe  from  south  to  north.  The  mean  average  for  Southern  Europe 
may  be  taken  as  120,  in  Central  Europe  as  146,  and  in  Northern  Europe  as  180.  The 
following  statement  indicates  the  total  number  of  rainy  days  per  annum  for  a  few  places 
specifically  named :— « 


Buda 112 

Warsaw 138 

Germany,  average  of    .    .    .  150 

Carlsruho 174 

Tagemsee 170 

Munich 149 

Stuttgardt 127 


Eatisbon 115 

Kotterdam 187 

Paris 160 

Poitiers 99 

St.  Petersburg 168 

Moscow 205 


Annual  Distribution  of  Rain. — ^The  time  of  year  at  which  rain  ia  most  prevalent,  is 
subject  to  much  variation  for  different  countries.  Throughout  Central  Europe  rains 
are  most  prevalent  in  summer,  but  in  Southern  Europe  the  preponderance  is  on  the  side 
of  winter  rains.  Norway  is  subject  to  copious  winter  rains ;  whilst  in  Sweden  they  are 
almost  entirely  wanting.  Sweden,  in  point  of  fact,  although  placed  so  near  the  sea,  has 
a  climate  altogether  like  that  prevalent  in  continental  regions.  The  reason  wherefore 
Norway  is  subject  to  winter  rains,  and  Sweden  is  deprived  of  the  same,  hinges  upon  the 
explanation  already  made  that  western  winds  (which  predominate  in  Scandinavia  during 
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winter)  lose  their  moisture  in  passing  over  the  Scandinavian  range.  Although  summer 
rains  are  in  many  places  rare,  yet  when  they  occur  they  ftre  generally  more  copious 
than  rains  at  any  other  period. 

Kain  which  falls  in  summer  at  different  places,  taking  the  rain  which  falls  on  a 
winter's  day  at  the  corresponding  place  as  \mity : — 


Germany 1*76 

St.  Petersburg 2-17 


England 1-07 

"Western  Franco 1-03 

Central  France 1-67 

from  which  statement  it  appears  that  the  prevalence  of  summer  rain  increases  towards 
tho  east. 

Feculiartties  of  Main-  Water. — Fresh-falling  rain-water,  collected  far  from  towns  or 
other  sources  of  local  contamination,  is  very  nearly  pure ;  nevertheless,  modem  chemical 
observation  has  succeeded  in  discovering  the  presence  in  rain-water  of  many  substances 
present  in  small  quantities.  Nitric  acid  and  nitrate  of  anmionia  are  by  no  means  imusual 
constituents ;  and  iodine  has  been  frequently  recognized.  As  regards  the  sources  of  these 
and  other  extraneoi;s  bodies,  much  stiU  remains  to  be  discovered.  Nitric  ad^  is  most 
probably  formed  in  the  atmosphere  by  the  agency  of  electricity ;  and  the  ammonia  may  be 
referable  to  exhalations  from  decomposing  matters  on  the  earth's  surface.  Many  of  the 
extraneous  bodies,  especially  salts,  sometimes  recognized  in  rain-water,  are  un- 
questionably due  to  the  action  of  winds  upon  finely-divided  ocean-spray. 

Showers  of  Fishes^  Stones^  S^c. — Instances  are  on  record  of  whole  shoals  of  fishes, 
and  numerous  collections  of  other  animals — also  stones,  &c. — being  cast  on  the  earth  by 
showers.  At  one  time  these  phenomena  were  regarded  mysteriously,  and  referred  to 
occult  causes.  At  present  they  are  deprived  of  their  mystery,  and  referred  to  the 
previous  elevation  of  the  fishes,  &c.  by  aerial  currents,  whirlwinds,  and  water-spouts. 

Snow. — If  the  temperature  of  a  cloud  should  fall  at  any  time  to  32®  F.  or  lower, 
instead  of  rain  the  result  is  snow.  Much  that  is  beautiful  and  beneficent  is  seen  in 
this  divided  form  of  frozen  water.  In  our  own  temperate  clime  we  do  not  comprehend, 
except  by  reflection,  the  true  value  of  snow  in  tho  economy  of  nature.  Its  fall  amongst 
us  is  uncertain  and  exceptional ;  we  know  not  when  it  is  to  come,  or  how  long  it  is  to 
remain.  "We  therefore  make  no  provision  for  it — ^regard  it  as  a  condition  to  be  tolerated 
— ^regret  that  it  interferes  with  our  locomotion — ^that  it  impedes  our  railway  trains,  and 
wets  our  feet ;  and  wish  it  away.  Nevertheless,  oven  in  these  isles,  the  fsirmer,  from 
experience,  is  not  insensible  to  the  value  of  snow.  He  says  it  keeps  his  winter  crops 
toarm;  and  the  thoughtless  passer-by,  wrapped  in  his  own  self-conceit,  laughs  at  him 
for  making  a  statement  so  apparently  grotesque.  The  philosopher,  however,  who  is 
aware  of  the  low  heat-conducting  power  of  snow,  and  who  can  appreciate  the  evil  con- 
sequences of  frost  on  vegetation,  indorses  the  farmer's  statement. 

If  we  would  desire  to  recognise  the  full  benefits  of  snow,  we  must  direct  our  atten- 
tion to  northern  climes — ^to  Sweden,  to  Russia,  and  Canada.  There  the  advent  of  snow 
is  looked  forward  to  as  a  blessing ;  and  when  it  comes,  the  period  of  its  duration  admits 
of  being  predicted  with  tolerable  accuracy.  No  sooner  is  the  ground  covered  with 
sufficient  snow,  than  wheeled-carriages,  which  but  yesterday  were  sticking  up  to  the 
axletree  in  mud  and  wet,  are  put  aside,  and  sledges  supplied  in  their  stead.  Market- 
places, which  before  the  snow  had  fallen  were  naked  and  imworthy,  now  teem  with 
good  things  brought  from  hundreds  of  miles  away.  Snow  has  all  at  once  laid  down  a 
far-stretching  railroad,  over  which  the  sledges  glide  almost  with  the  ease  and  velocity 
of  a  railway-train* 
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Form  of  Snow  Flakes. — In  certain  conditions  of  temperature  snow  fdls  as  a  pnl- 
Ycrulcnt  body,  in  other  conditions  as  a  flaky  amorphous  mass ;  Init  if  Yery  dry  maw  be 
microBcopicolly  examined  before  it  has  been  broken  up,  indicationfl  of  crystalline 
structure  will  be  recognizable.  Sometimes  these  crystalline  snow-flakes  attain  sncli 
large  dimensions,  that  they  are  quite  evident  to  the  naked  eye.  The  crystalline  ftnM 
thus  developed  are  numerous,  but  they  are  all  referable  to  oile  crystalling  system,  tiie 
rhomhohab-ic  or  rhombohedral ;  the  characteristic  of  which  is  that  crystals  belonging  to 
it  have  three  axes  crossing  each  other  at  the  angle  of  sixty,  and  one  axis  at  tif^ 

angles  to  these.  Scoresby,  wlio  has  mi- 
nutely examined  these  snow-flakes,  de- 
scribes five  principal  forms  of  snoir 
ciystals  : — 1st,  crystals  having  the  fbnn 
of  thin  plates,  which  are  the  moat 
abimdant;  2nd,  sui£su)es  or  spherical 
nuclei,  with  ramifying  biunches  in  dif- 
ferent planes;  3rd,  fine  x>oints,  orsii- 
sided  prisms;  4th,  six-sided pynmiids. 
*  The  latter  form  is  the  least  frequent  of 

all.    The  accompanying  diagram  (Fig.  51)  represents  the  principal  crystalline  varietiei 
of  snow-flakes. 

77ie  Snotv-line. — Inasmuch  as  the  upper  regions  of  the  atmosphere  are  intensely 
cold,  there  is  an  elevation  for  every  latitude  at  which  atmospheric  moisture  is  changed 
into  snow.  This  elevation  corresponds  with  what  is  termed  the  anow-line.  At  13k 
equator  the  snow-lino  is  elevated  from  11,000  to  12,000  feet  above  the  sea-lereL  As 
we  proceed  towards  the  north,  the  elevation  of  the  snow-line  wiH  evidently  he  lower. 
Snow  does  not  fall  on  level  ground  in  Europe  farther  south  than  Central  Italy;  but  in 
Asia  and  America  the  region  extends  nearer  to  the  equator.  Through  Florence  passes 
the  isothermal  line  of  59®  F.,  and  it  may  be  regarded  as  the  southern  limit  of  the 
region  in  which  snow  falls  on  level  places.  Snow  does  not  usually  fiiH  at  the  time  of 
maximum  cold ;  some  meteorologists  say  it  never  does — ^but  this  is  an  error.  After 
snow  has  fallen  the  weather  generally  increases  in  severity.  "We  are  usually  in  the  habit 
of  assuming  that  the  total  quantity  of  snow  which  falls  increases  as  we  reach  either  pole 
— an  assumption,  however,  which  is  only  correct  within  certain  limits.  Thus,  taking  the 
northern  hemisphere,  for  instance,  the  fall  of  snow  increases  from  the  isothermal  of 
59®  F.  to  the  isothermal  of  41®  F.,  which  latter  cuts  the  town  of  Brontheim,  in  Norway. 
Passing  still  further  north,  the  quantity  of  snow  goes  on  diminishing,  evidently  because 
in  the  polar  regions  the  temperature  of  the  air  is  too  cold  to  retain  much  moisture,  and 
atmospheric  moisture  must  necessarily  bo  the  antecedent  to  either  rain  or  snow. 

The  atmospheric  condition  during  the  fall  of  snow  may  vary  from  the  limits  of 
almost  complete  tranquillity,  to  the  other  extreme  of  most  violent  perturbations.  In 
Germany,  and  other  countries  having  a  corresponding  latitude,  the  fiill  of  snow  is 
usually  tranquil,  except  during  the  months  of  February  and  March.  In  high  latitudes 
snow  usually  occurs  during  violent  tempest-gusts,  almost  equal  sometimes  to  the  "West 
Indian  hiuricane  or  the  Chinese  typhoon.  In  Xonvay  these  storms  are  very  frequent, 
also  in  Kauitschatka ;  in  which  latter  region  they  are  called  purga.  They  are  veritaHe 
thunder-storms,  as  is  completely  proved  by  the  intense  electrical  conditioii  of  the  atmo*  , 
sphoro.  (>n  mountainous  elevations  snow-storms  are  commonly  prevalezit,  irrespective  | 
of  latitude. 


HAIL  AND  ITS   PHENOMENA.  503 

Colourtd  Snow. — Red  and  green  snow  have  been  frequently  described  by  trayellent. 
The  cause  of  these  phenomena  is  now  referred  to  the  pree^ce  of  minute  a]g«&— the 
protoooccus  ntvalia  in  the  so-called  red  snow,  and  the  proioccceus  wridts  in  the  green 
variety. 

Bail. — ^Frequently  doud-vesicles  become  aggregated  and  frozen  into  lumps  of  vari- 
ous sizes  and  shapes,  sometimes  opaque,  sometimes  transparent,  and  occasionally,  though 
not  very  often,  containiiig  neudei  of  solid  foreign  matters.  Meteorologically,  aggre- 
gations of  this  kind  constitute  hail.  In  most  parts  of  the  world  where  rain  occurs  hail 
is  known,  but  certain  localities  are  particularly  subject  to  hail-storms.  Generally  hail 
fidls  by  day ;  indeed  an  opinion  prevails  that  hail-storms  arc  unknown  by  night.  .  This 
supposition  is,  however,  erroneous.  The  form  of  hail  is  various,  though  for  the  most 
part  they  assume  a  spherical,  spheroidal,  paraboloidal,  or  pyrifonn  contour ;  and  still 
more  frequently  they  are  rounded,  flattened,  or  angular.  According  to  Delcross,  the 
most  common  form  of  hail  is  that  of  a  three-sided  spherical  segment,  resulting  from  the 
oomminution  of  larger  spheres. 

The  diameter  of  hail-stones  at  a  mean  latitude  is,  .according  to  Huncke,  not  usually 
greater  than  one  and  a-half  or  one  and  three-fourths  of  an  inch,  although  on  some 
occasions  blocks  of  ice  of  enormous  dimensions  have  fellen.  For  example,  in  1719, 
there  fell  at  £remo,  hailstones  weighing  not  leas  than  six  pounds ;  and  at  Namur,  in 
1717,  oHiers  weighing  not  less  than  ei^t  pounds.  Again,  it  is  stated  that^  in  1680, 
masses  of  ice  fell  in  the  Orkneys  twelve  inches  thick;  and  in  1795,  hailstones  fell  in 
New  Holland  ft^m  six  to  eight  inches  long  and  two  fingers  thick.  It  is  recorded,  but 
on  doubtful  testimony,  that  there  fell  in  Hungary,  on  May  28,  1802,  a  piece  of  ice 
three  feet  square  by  two  foet  thick,  and  the  weight  of  which  was  1100  pounds.  But 
even  this  is  much  exceeded  by  a  statement  that,  in  the  latter  part  of  the  reign  of  Tippoo 
Sfdb,  a  lump  of  ice  fell  at  Seringapatam  as  large  as  an  elephant.  The  siee  of  the 
elephant,  however,  is  not  mentioned. 

With  regard  to  foreign  substances  existing  in  hailstones,  they  are  described  as  various. 
In  1755  there  fell  in  Iceland  hailstones  containing  sand  and  volcanic  ashes ;  others  which 
fell  in  Ireland  in  1821  contained  a  metallic  nucleus,  which  proved,  on  analysiB,  to  bo 
iron  i>yrites  (sulphide  of  iron) ;  a  similar  phenomenon  occtured  in  Siberia  in  the  year 
1824.    The  presence  of  small  pieces  of  straw  in  haU  has  been  frequently  demonstrated. 

The  largest  hailstones  fall  in  summer  during  thunderstorms.  Storms  of  this  kind 
are  most  frequent  in  June  and  July ;  they  are  more  rare  in  May,  August,  and  September, 
and  still  more  so  in  April  and  October.  They  usually  occur  at  the  dose  of  long  periods 
of  calm,  sultry  weather.  Hail-clouds  are  much  lower  in  the  sky  than  rain-douds ;  and 
are  generally  recognisable  by  a  peculiar  ragged  or  jagged  contour,  and  by  their  lower 
portions  being  marked  with  white  streaks,  the  other  portions  of  the  cloud  being  inky 
hlack.  Previous  to  the  occurrence  of  hail,  the  barometer  sinks  very  low ;  and,  what  is 
unusual  before  rain,  the  thermometric  column  suffers  a  corresponding  depression.  The 
thermometer  during  a  hail-storm  has  even  been  known  to  sink  through  77°  F.  A  pecu- 
liar rustling  soimd  in  the  air  is  also  indicative  of  speedy  hail,  by  a  darkness  resembling 
that  dependent  on  an  eclipse  of  the  sun.  Hail-storms  are  very  seldom  of  long  duration, 
usually  lasting  a  few  moments  only — seldom  longer  than  a  quarter  of  an  hour.  The 
rapidity  with  which  hail-storms  travel  is  very  great :  one  which  occmrod  in  Central 
France  in  1788  travelled  at  the  rate  of  forty  miles  an  hour.  The  force  of  hailstones  is 
sometimes  dangerously  great,  not  only  breaking  windows  and  shattering  tiles,  but  killing 
herds  and  men  and  animals,  cutting  off  branches  of  trees  and  herbage,  asL<l»^'^<2aN^  \ 
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defolating  all  save  the  largest  regetable  growths.  The  hail-stonn  in  FiBiioe  of  1788, 
already  adverted  to,  extendi  its  devastations  over  1039  parishes,  destroying  property  to 
the  amount  of  25,000,000  of  francs.  Although  hail-storms  often  extend  very  £ur  in  a 
linear  direction,  their  breadth  is  usually  inconsiderable, — often  but  a  few  hundred,  or  at 
most  a  few  thousand  feet, — ^though  ^e  linear  extension  has  been  known  to  exceed 
four  hundred  miles. 

It  has  been  already  mentioned  that  wherever  rain-douds  rest,  hail  may  occur; 
nevertheless,  latitude  and  local  conditions  determine  the  frequency  of  the  phenomenon. 
Rain  seldom  occurs  on  the  level  land  of  tropical  countries ;  and  it  is  rare  in  the  extreme 
north.  The  hail-bclt,  pre-eminently  so  considered,  is  comprehended  between  30^  and 
60^,  and  to  elevations  less  than  6000  feet.  Even  within  this  belt,  and  below  the  limit 
of  elevation  just  assigned,  there  arc  certain  localities  where  the  occnrremie  of  hail  is  a 
very  rare  phenomenon.  Certain  of  the  Swiss  valleys  may  be  cited  as  a  weU-known 
illustration  of  this  remark  ;  more  especially  in  the  Yalais  and  its  allied  dales.  It  has  also 
been  well  determined  that  hail  more  rarely  occurs  at  the  base  of  mountains  than  in 
localities  a  short  distance  removed.  Perhaps  no  country,  upon  the  whole,  is  more  subject 
than  Fi-anco  to  the  ravages  of  hail-storms,  and  in  no  country  are  the  effects  more  serious. 
It  has  been  ascertained  that  the  average  annual  number  of  hail-storms  in  France  is 
about  fifteen.  They  are  especially  prejudicial  to  the  vine  and  the  olive,  sometimes  lay- 
ing whole  districts  imder  desolation.  Having  regard  to  the  highly  excited  electrical 
condition  of  the  atmosphere  as  the  rule  during  the  occurrence  of  hail-storms,  great  hopes 
were  once  entertained  that  they  might  bo  prevented,  or  their  ravaging  power  diminished, 
by  means  of  suspended  conductors.  The  idea  of  using  such  conductors  appears  to  have 
been  first  suggested  by  Gucnaut  do  MontbeiUard  in  1776 ;  and  hail-conductors  have 
been  extensively  tried,  but  hitherto  without  any  amount  of  practical  benefit  to  justify 
their  longer  continuance.  In  1820  a  peculiar  kind  of  hail-preventor  was  suggested  by 
La  Postolle,  and  subsequently  by  Thollard.  The  instruments  consisted  of  straw  ropes 
in  which  a  metallic  wire  was  interwoven,  and  suspended  by  means  of  pointed  rods  simi- 
lar to  lightning-conductors ;  but,  like  instruments  having  a  similar  object,  and  which  pre- 
ceded them,  they  wore  found  to  be  unavailing. 

BKethocU  of  Determining  the  amount  of  Atmosphexie  BEoistwre.— 
Having  described  the  numerous  forms  under  which  aqueous  moisture  may  exist  in  the 
atmosphere,  it  now  remains  to  indicate  and  describe  certain  instruments  which  have 
been  devised  by  different  experimenters  for  determining  its  amount.  These  instru- 
ments, founded  on  different  principles,  as  will  be  seen,  arc  termed  hygrometers. 

It  is  a  matter  of  conunon  experience  that  many  bodies  are  affected  as  regards  their 
dimensions,  more  particularly  their  linear  dimensions,  by  mutations  of  atmospheric 
moisture.  "Wood  is  a  very  common  example  of  this  property ;  more  particularly  a  stick 
of  wood  cut  transversely  to  the  grain.  Founded  on  this  property  of  wood,  the  late  Mr. 
Edgeworth  constructed  a  very  ingenious  toy,  which,  though  it  be  not  a  hygrometer, 
inasmuch  as  it  does  not  measure  the  amoimt  of  atmosphere  prevalent  in  the  air,  is  at 
any  rate  a  hygroscope.  It  is  related  that  the  somewhat  eccentric  philosopher  just  named 
once  laid  a  wager  that  a  certain  toy — a  wooden  horse — constructed  by  hiTnaAlf^  should, 
after  the  lapse  of  some  time,  walk  across  his  room.  The  horse  was  accordingly  made, 
and  placed  at  one  end  of  a  chamber ;  the  door  of  the  chamber  was  then  locked,  and  the 
key  deposited  in  safe  keeping.  In  process  of  time  the  horse  did  indeed  arrive  at  the 
other  end  of  the  room ;  and  the  manner  in  which  this  was  accomplished  will  now  be 
made  evident. 
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Underneath  each  hoof  was  a  daw,  long  enough  to  stick  into  the  flooring,  and  there 
take  hold.  The  horse  itself  was  made  out  of  a  piece  of  wood  cut  transyersely  to  the 
grain;  the  consequence  was  that  when  the  weather  was  dry,  the  linear  dimensions 
of  his  back  contracted,  and  when  the  weather  was  wet  his  back  again  elongated.  Now, 
bearing  in  mind  the  construction  of  the  feet  of  this  toy-horse,  it  is  evident  that  these 
alternate  contractions  and  expansions  must  necessarily  result  in  a  forward  motion. 

Again,  the  condition  of  human  hair  illustrates  the  effect  of  varying  amoimts  of 
moisture  in  the  atmosphere.  Every  lady  knows  that  she  cannot  retain  her  hair  in  curl 
during  wet  weather  so  well  as  when  the  weather  is  dry,  because  of  the  moisture  present, 
which  causes  the  hair  spirals  to  relax  and  unfold.  In  point  of'  fact,  each  hair  contracts 
and  elongates  alternately  by  every  mutation  of  dryness  and  moisture ;  so  that  if  only 
the  exact  ratio  of  contraction  and  expansion  could  be  determined  and  applied,  the 
meteorologist  might  construct  a  hygrometer,  having  for  its  basis  of  actuation  a  human 
hair.     The  hair-hygrometer  of  Saussure  takes  advantage  of  this  principle. 

To  construct  this  hygrometer,  a  soft  human  hair  is  boiled  for  a  short  time  in  a 
solution  of  sulphate  of  soda,  afterwards  for  a  few  minutes  in  pure  water ;  it  is  then 
well  washed  to  free  it  from  all  adhering  salt,  and  dried  in  a  shady  place.  Next,  one 
extremity  of  the  hair  is  fastened  to  the  extremity  of  a  little  tongue,  and  the  other  end  is 
wound  round  a  small  pulley  having  two  grooves.  The  second  groove  is  for  the  purpose 
of  retaining  a  filament  of  silk,  from  which  a  weight  is  suspended  for  the  purpose  of 
retaining  the  hair  in  a  constant  state  of  tension.  To  the  pulley  is  ftistened  an  index, 
traversing  a  graduated  arc,  whenever  the  pulley  turns  in  any  direction  by  the  contrac- 
tion or  elongation  of  the  hair.  The  graduation  of  the  instrument  is  thus  effected : — It  is 
placed  in  a  receiver  holding  chloride  of  calcium,  or  concentrated  oil  of  vitriol,  the  air  is 
exhausted  from  the  receiver,  and  the  place  where  the  index  then  stands  is  marked.  This 
mark  corresponds  with  the  point  of  greatest  dryness,  or  0  of  the  scale.  "We  have  next  to 
determine  the  point  of  greatest  saturation,  which  is  thus  effected : — ^The  instrument  is 
next  placed  in  a  receiver  containing  a  dish  of  water ;  so  that  as  the  hair  elongates  the 
index  turns,  and  finally  coming  to  rest,  the  point  at  which  it  stands  is  marked.  This 
mark  corresponds  to  the  maximum  of  moisture,  which  of  course  may  be  indicated  by 
any  number  arbitrarily  selected ;  this  number  being  usually  100.  Finally,  it  remains 
to  divide  the  interval  between  the  two  extremes  into  100  equal  parts,  and  the  instrument 
is  complete.  Notwithstanding  all  tiie  care  which  may  be  devoted  to  the  construction  of 
this  instrument,  it  is,  after  all,  scarcely  deserving  the  name  of  a  hygrometer — ^it  is  little 
better  than  a  hygroscope. 

Occasionally  certain  helical  vegetable  fibres  have  been  used  as  hygrometers  in  a 
way  which  the  accompanying  diagram  wiU  render  manifest. 

Let  A  represent  a  circular  card  or  other  flat  disc,  and  B  a  vegetable  filament  heli- 
cally coiled — ^it  is  evident  that  the  helix  will  imravel  in  a  damp,  and  tighten  its  coil  in 
a  dry,  atmosphere.    An  instrument  of  this  kind  has  been  some- 
times employed  for  the  purpose  of  determining  whether  a  bed  be 
moist  or  dry.  The  instrument  is  a  very  good  hygroscope ;  but,  inas- 
much as  the  coiling  and  uncoiling  of  the  helix  is  most  comparable 
with  equal  arcs,  the  instrument  can  hardly  be  termed  a  hygrometer. 
"We  are  under  obligations  to  the  ingenuity  of  the  Dutch  for 
another  hygrometer,  or  rather  hygroscope — ^for,  like  the  instrument 
Fig.  62.  just  described,  it  is  not  a  true  indicator  of  the  quantity  of  moisture 

present  in  the  atmosphere.    The  instrument  is  of  this  kind . — ^A  piece  of  cat^t  i&  v&skr- 
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pondi'd  from  one  extremity,  and  to  the  other,  or  lower  extromity,  is  fixed  traiunrcndj'ilMe 
horizontal  bar.  On  one  cxtmnity  of  the  bar,  a  ladj  in  gay  summer  attire  is  repraaHed, 
on  the  other  a  man  dressed  appropriately  for  a  rainy  day ;  finally,  the  catgut  sod  itstof* 
appendages  are  surrounded  with  a  case  haying  two  openings,  and  in  snch  fkilnai  tint 
only  one  of  the  toy  images  can  be  \'isiblc  at  a  time.  Now,  it  is  cnridmt  tint  Hm  film 
of  the  suspended  catgut  will  partially  untwist  under  the  influence  of  moistmey  mdie^viit 
as  the  atmosphere  bt'comes  dr}' ;  whence  it  follows  that  the  lady  'wiO  appear  nnte^ 
latter  cirouinstances,  and  the  man  under  the  former.  This  instrument,  though  sonednit 
more  thnn  ingenious,  for  it  is  a  good  hytproseope,  docs  not  merit  the  ^^jgniflAi!  tvaof 
hyijrometi't . 

The  JkW'point  Hygrometer  of  Daniell. — If  a  wino-bottlo  bo  talcen  fiom  its  bin,  it^ 
frequently  be  found  covered  with  moisture ;   and  in  proportion  as  the  air  is  satunfeei 
with  moisture,  so  "ivill  the  depression  of  temperature  be  at  which  this  moiBture  begnisto 
bo  dt'i)03iti»d  on  the  bottle.     In  this  manner,  if  wo  had  the  means  of  reg^olatiiig  the  tear 
peratiuv  of  the  bottle  at  our  will,  depressing  it  at  pleasure,  we  might  aaoertain  ti» 
exact  temperature  at  which  moisture  would  begin  to  bo  deposited ;  and  thus  notidog 
the  yariations  of  temperaturo  at  different  times,  we   might  establish  and  tabnlste  i 
correspondence  between  each  particular  temperaturo  at  which  moisture  was  depositrf, 
and  tho  corresponding  amount  of  moisture  contained  in  the  atmosphere^    Noir,  ^ 
degree  of  temperature  at  which  moisture  begins  to  bo  deposited  in  this  iraf,  is  cilld  ! 
the  dew-point;  and  hence  tho  propriety  of  tho  appellation  dew-point  hyffromeier'wtiA 
has  been  given  to  tho  instrument  presently  to  be  described.     It  oonsists  of  a  donUf* 
bent  exhausted  glass-tube,  each  end  terminating  in  a  bulb.       One  bulb  is  coToed 
with  a  coating  of  thin  gold  or  platinum  foil^  tho  other  with  a  fine  linen  rag.    ^ 
former  bulb  is  partially  filled  with  other,  and  holds  a  small  thonnometer,  the  gradngted 
portion  of  which  passes  up  tho  tube.     If  ether  be  dropped  on  the  second  bulb,  ewr 
poration  rapidly  ensues,  and  the  bulb  is  cooled,  thereby  condensing    the  vapour  of 
ether  which  it  contains,  and  permitting  a  new  evolution  from  the  ether  in  the  bulb.  ! 
This  evolution  of  ether  cools  the  bulb,  and  causes  dew  to  bo  deposited  on  its  sur&ce.    The  1 
inclosed  scale  indicates  the  dew-point.   The  following  reasoning  explains  how  the  detenni-  1 
nation  of  tho  dew-point  can  indicate  the  amoimt  of  aqueous  vapour  in  the  atmosphere :— In 
proportion  as  the  temperature  of  the  air  is  elevated,  will  it  bo  cax>able  of  holding  mare  | 
moisture.     Hence,  by  cooling  the  air,  its  power  of  holding  moisture  is  diminished ;  »  i 
portion  of  moisture,  therefore,  becomes  condensed  in  the  form  of  dew-vesicles.    The  i 
greater  the  moisture  contained  in  air,  the  more  readily  will  condensation  ensue  for  a  I 
given  reduction  of  temperature. 

The  dew-point  hygrometer  of  Daniell,  though  a  great  advance  upon  the  rude  in- 
struments just  described,  is  attended  with  some  imperfections.  Its  construction  has 
been  improved  upon  by  Dbberemcr  and  by  Regnault ;  but  the  instrument,  in  its  most 
perfect  form,  still  leaves  much  to  be  desired.  Not  only  does  its  employment  necessi- 
tate tho  use  of  a  largo  amount  of  ether ;  but,  what  is  of  more  consequence,  when  the 
weather  is  extremely  dry  the  deposition  only  takes  place  with  great  dif&culty.  A  fan 
more  effective  instrument,  though  based  on  different  conditions,  is  that  now  about  to  be 
described. 

The  Fsychrometer. — ^The  psychrometer  consists  of  two  thermometers  mounted  on  the 
same  frame,  the  bulb  of  one  thermometer  being  naked,  whilst  the  bulb  of  the  other  is 
enveloped  in  muslin  or  other  similar  absorbent  texture,  from  which  there  extends  a 
wick-like  absorbent  stem,  terminating  in  a  cistern  of  water.    From  a  consideration  of 
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tha  Btraeture  of  this  cosip<Hmd  instramenLty  it  will  be  evident  titai  the  merouiial  column 
of  the  naked  or  uncoated  bulb  wiU  stand  higher  than  the  ineroiumL  column  of  the 
flecond  or  vetted  bulb.  The  reason  of  this  is  obyious.  The  process  of  ^yaporation 
lowers  the  temperature :  and  it  follows,  that  under  one  ocmdition,  and  only  one^  can  the 
readings  of  the  pair  of  thennometers  which  constitute  the  psychrometer  oone^ond — 
namely,  when  the  atmosphere  is  saturated  with  moisture  to  such  an  extent  that  it  is 
unable  to  take  up  more.  By  an  extension  of  this  reasoning  it  will  be  now  eyident  that 
the  mercurial  readings  of  the  pair  of  thermometers  will  continually  yary,  according  to 
the  amount  of  drjnoess  or  moisture  of  the  surrounding  atmosphere.  The  yariation,  in 
point  of  is^ij  is  in  an  inyeise  ratio  to  the  amount  of  moisture ;  so  that  by  means  of 
fonnul»  we  can  easily  connect  the  indications  of  the  psychrometer  with  the  dew- 
point. 

JHurrud  Variation  of  At-mospheric  Moisture. — The  amount  of  moisture  present  in  air 
Taries  at  different  times  of  the  day.  There  appears  to  be  two  mayima  and  two  minima. 
The  first  maximum  occurs  about  9  A.M.,  the  second  at  9  p.m.  ;  the  fib:8t  TyiiTiinnim  shortly 
before  sunset,  the  second  about  4  a.m.  Popularly,  the  air  is  said  to  be  most  damp  at 
sunrise,  and  in  Hie  sense  of  dew  or  palpable  moisture  the  popular  expression  is  correct; 
but,  proyided  the  air  be  hot  enough,  we  haye  already  seen  that  it  can  absorb  large 
quantities  of  moisture,  retain  it  inyisibly,  and  impart  no  sensation  of  moisture ;  indeed, 
pure  steam  is  no  more  wet  than  a  pure  gas  is  wet. 

Monthly  Variation  of  Atmospheric  Moisture. — ^The  £ust  needs  no  comment,  that  all 
months  throughout  the  year  are  not  equally  moist  It  appears  that  at  London,  Paris, 
Oeneya,  and  Great  St.  Bernard,  the  absolute  amoimt  of  yapour  in  these  places  attains 
its  inftTriniTini  in  January,  and  its  Tnim'TmTm  at  the  end  of  July  or  the  beginning  of 
August ;  but  the  relatiye  moisture  is  greatest  at  London,  Paris,  and  Geneya  in  December, 
and  least  in  May. 

Like  the  true  aerial  atmosphere,  atmospheric  aqueous  yapour  continually  yaries  as  to 
its  amoimt  of  tension  or  elasticity.  According  to  Boye,  the  amount  of  tension  is  less 
during  north  and  south  winds  than  during  eastern  and  western  winds,  an  obseryation 
which  has  also  been  confirmed  by  £[aemtz.  Necessarily,  too,  the  direction  whence  the 
wind  blows  must  influence  the  quantity  present  of  aerial  vapour.  North  and  north- 
east winds  are,  at  least  in  these  latitudes,  less  moist  than  winds  blowing  &om  the 
opposite  direction. 

Inasmuch  as  the  aqueous  vapour  dissolyed  invisibly  in  air  assumes  the  condition  of 
yapour  whenever  the  air  is  cooled  below  the  dew-point,  the  influence  which  mountain 
ranges  exercise  in  robbing  winds  of  their  moistiure  and  producing  rain  will  be  readily 
eyident.  By  an  extension  of  the  same  reasoning,  it  wiU  be  also  evident  that  winds 
which  have  reached  into  continents  far  distant  from  the  ocean,  and  lost  considerable 
bulks  of  water,  must  be  necessarily  dry.  Such  are  the  indications  of  theory,  and 
observation  fully  confirms  them. 

The  BKeteoYologic  Relation  of  Imponderable  Agents.— In  our  preceding 
investigations,  the  meteorologic  relation  of  the  imponderables  has  been  almost  unnoticed. 
Incidentally,  some  few  of  the  leading  properties  of  heat  haye  been  treated  o^  but  no 
general  statement  of  the  meteorologic  relations  of  these  agents  has  been  offered,  this 
being  a  subject  of  such  vast  importance  that  it  merits  a  treatment  of  itself. 

The  expression,  imponderable  agents,  or  imponderable  forces,  is  now  commonly 
applied  to  indicate  the  cause  or  causes,  whatever  they  may  be,  which  give  rise  to  the 
phenomena  of  light,  heat,  electricity,  magnetism ;  we  must  now  also  include  actinism,  or 
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the  radiant  infloenoe  of  the  mm,  being  neither  hfjbi  nor  heat,  to  the  operatiaiL  of  irhidi 
photographic  pictmes  are  doe. 

The  imponderable  agents  haye  always  presented  a  field  of  great  interest  to  the 
student ;  but  especially  interesting  is  the  study  at  this  time,  seeing  that  it  is  a  tendency 
of  modem  philosophy  to  refer  all  these  imponderable  agencies  or  forces  to  yarions  modir 
fications  of  one  grand  cause.  The  correlations  between  light  and  heat,  electricity  and 
magnetism,  is  so  intimate  and  so  well  marked,  that  assent  can  hardly  be  lefoaed  to  the 
assimiption  that  they  must  all  be  due  to  a  modification  of  one  common  agent.  KcTcr- 
theless,  even  though  the  cause  of  heat  and  light,  magnetism  and  electricity,  be  granted 
as  one  and  the  same,  the  functions  of  these  four  results  are  so  diverse  that  no  generali- 
zation of  treatment  will  include  them  all ;  they  must  be  held  distinct,  and  treated  each 
under  its  own  head. 

Ught. — This  treatise  not  having  chemistry  for  its  primary  object,  bat  merely  em- 
bracing chemistry  as  a  collateral  adjimct,  it  may  be  sufficient  to  comprehend  under  the 
general  appellation  li^ht  all  non-calorific  radiant  influences.  Strictly  speaking,  we 
ignore  by  this  arrangement  the  existence  of  a  x>eculiar  radiant  influence  termed  ac- 
tinism ;  but  80  long  as  the  exclusion  be  noted,  and  a  reason  assigned  for  the  omissiiHi, 
no  prejudice  to  scientific  truth  will  result.  A  sufficient  reason  is,  that  the  fiinction  of 
actinism  concerns  the  meteorologist  in  a  minor  degree ;  that  it  has  already  been  dis- 
cussed in  the  treatise  on  Chemistry ;  and  that  all  its  meteorological  relations  may  be 
with  convenience  included  under  the  general  treatment  of  light. 

Theories  of  Light. — Except  for  the  completeness  of  description,  it  is  rarely  worth  while 
to  quote  the  opinion  of  philosophers  of  Greece  and  Home  on  any  matter  of  natural 
science.  The  wonderful  acumen,  the  quick  perception,  the  subtle  reasoning  faculty  of 
the  Grreeks — ^though  the  source  of  a  noble  literature,  of  a  sculptured  embodiment  of  all 
that  is  beautiful  in  living  forms,  of  a  terse  logic  and  wonderful  geometry — was  perhaps 
disadvantageous  to  the  development  of  experimental  science.  Minds  that  could  venture 
so  far  in  the  region  of  speculation,  were  not  the  most  likely  to  invoke  the  tedium  of  pro- 
tracted experiment  which  the  cultivation  of  physics  demands ;  accordingly,  all  that  has 
reached  us  relating  to  this  branch  of  knowledge  was  crude  and  unreliable.  The  first  theory 
of  light  which  is  on  record  is,  I  believe,  that  of  Plato,  who  assumed  that  light  consisted  w 
certain  emanations  evolved  from  the  eyes  of  animals.  Subsequently  the  prevalent  notion 
was  that  light  consisted  of  emanations  from,  luminous  bodies, — a  theory  which  was  adopted 
by  Newton,  and  has  been  designated  the  theory  of  corpuscles,  for  a  reason,  which  will 
speedily  be  evident.  Even  previous  to  tfce  time  of  Newton,  a  theory  of  light,  called  the 
undulatory  theory,  had  been  advanced ;  but  at  that  period  its  sway  was  short,  though 
subsequently  the  theory  has  been  revived,  and  is  at  the  present  time  accepted  almost 
universally.  Of  the  corpuscular  theory,  the  remark  may  be  made  that  it  affords  a  rough 
and  gross  explanation  of  the  greater  number  of  common  luminous  phenomena,  for  which 
reason  it  was  long  universally  accepted;  it  is  totally  incompetent,  however,  to  deal 
with  some  of  the  unconmion  and  very  interesting  phenomena  of  light,  especially  those  of 
double  refii^ction  and  polarization.  The  undulatory  theory  of  light  (so  called  firom 
undtdaj  a  little  wave)  assumes  that  tho  property  of  function  which  affects  the  optic 
nerve,  and  which  we  agree  to  call  light,  is  a  result  of  the  vibrations  of  certain  waves 
occurring  in  an  alternated  medium  far  too  subtle  for  chemical  analysis,  and  which  is  con- 
ventionally termed  ether.  Now  in  strict  truth  it  must  be  admitted  that  there  is  something 
opposed  to  tho  Baconian  code  of  induction,  in  beginning  with  the  assumption  that  a 
fluid  ether  of  the  kind  indicated  exists ;  and  it  must  also  be  admitted  that  the  direct 
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evidence  in  &TOur  of  the  existence  of  suoli  ether  is  but  slight.  There  does  exist,  how- 
ever, a  xn-esiunptive  evidence  favouring  the  existence  of  the  agent,  independently  of  the 
arguments  analytically  deduced  from  the  petitio  prineipii  that  light  is  really  the  result  of 
waves.  Astronomers  have  remarked  that  the  motions  of  the  heavenly  bodies  in  space  aie 
subject  to  certain  retardations,  indicative  of  their  travelling  through  some  impeding 
medium ;  and  this  is,  perhaps,  the  strongest  argument  which  can  be  produced.  If  such 
medium  be  a  reality,  wo  have  the  peHtio  prineipii  granted,  which  the  undulatory  theory 
of  light  demands. 

The  study  of  the  agencies  of  light  involves  a  consideration  of  less  theoretical 
reasoning  than  is  demanded  by  a  corresponding  study  of  the  other  imponderable  agents. 
In  studying  the  phenomena  of  electricity  and  of  magnetism,  we  can  hardly  make  one 
step  without  continually  employing  theory  of  some  kind  as  a  rallying-point  for  our 
ideas,  and  a  stepping-stone  by  which  we  rise  to  our  deductions.  Not  so  in  the  matter 
of  light.  Whatever  be  the  ultimate  cause  of  this  agency,  whether  corpuscular  or  im- 
dulatory,  the  function  or  impression  of  light  is  exercised  In  straight  lines,  except  in  a  few 
special  cases,  which  will  be  brought  under  notice  hereafter. 

Veloeity  of  Light — ^Astronomical  observations  of  two  distinct  kinds  furnish  us  with 
very  precise  observations,  relative  to  the  velocity  of  light.  Its  rate  of  travelling  is, 
firstly,  deduced  from  certain  phenomena  of  Jupiter's  satellites;  secondly,  from  the 
aberration  of  light.  As  the  result  of  both  these  kinds  of  investigation,  light  is  found  to 
travel  at  the  rate  of  about  192,000  miles  in  a  second  of  time.  The  rapidity,  as 
will  be  seen,  is  enormous ;  yet  it  is  far  exceeded  by  the  rapidity  of  the  passage  of 
electricity. 

Determination  of  the  Velocity  of  Light  hy  the  First  Method. — ^Astronomical  calcula- 
tions inform  us  when  each  particular  eclipse  of  Jupiter's  satellites  should  take  place,  and 
the  instant  any  such  eclipse  does  occur  may  be  seen  by  observation.  Now,  considering 
that  the  diameter  of  the  earth's  orbit  is  190,000,000  miles,  it  is  evident  that  our  planet 
must  at  one  time  be  190,000,000  miles  nearer  the  planet  Jupiter  than  at  another  time. 
Hence,  the  visual  indication  of  such  an  eclipse  must  come  to  us  through  a  path  at  one 
time  190,000,000  miles  nearer  than  at  another  time,  inasmuch  as  190,000,000  miles  is 
the  measure  of  the  diameter  of  the  earth's  orbit.  From  comparative  observations  of 
this  kind,  it  is  determined  that  light  occupies  about  sixteen  minutes  and  twenty  seconds 
in  traversing  the  distance  of  190,000,000  miles,  which  gives  the  velocity  of  light  per 
second  at  about  192,000  miles. 

Determination  of  the  Veloeity  of  Light  by  the  Second  Method^Aherration  of  Light. — 
It  will  be  convenient  now  to  adopt  the  common  expression  "ray,**  as  indicative  of  a 
luminous  agency  exercised  rectilinearly.  Whatever  theory  of  light  be  adopted,  this 
definition  will  hold  good. 

Having  premised  this  definition  of  the  term  luminous  ray,  we  may  now  say  that 
luminous  bodies  are  rendered  evident  to  us  by  reason  of  rays  of  light  darted  off  in 
straight  lines.  Provided,  then,  that  a  luminous  body  darting  off  these  rays,  and  the 
observing  eye  which  receives  these  rays,  be  both  at  rest,  and  provided  that  all  interfering 
causes  were  absent,  the  eye  would  refer  the  luminous  body  to  its  true  point  in  space.  If, 
however,  the  case  be  varied  by  assuming  the  observer  to  be  in  motion,  or  the  luminous 
body  to  be  in  motion,  or  both,  then  the  eye  would  not  refer  the  liuninous  body  to  the 
correct  point  in  space,  because  of  what  is  termed  the  aberration  of  light.  Inasmuch  as 
our  planet  is  in  motion,  and  the  heavenly  bodies  are  in  motion,  we  never  see  the  latter 
in  their  true  positions,  but  in  the  positions  which  they  respectively  occupied  at  some 
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The  fotDowiii^  dkgBBD  (Fif .  63)  k  wrtgndfd  to  iDii 

eY  In  the  diiyam  I  k  m  Iiibimii  fcrfy  ml  ^m«^ 

A  ^  a  Of  0  4^  ic|wc3cnt  pottuxv  of  tJ^e  CKtikTs  ocfeit 
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diiectioa  of  famunois  mjm  m  nfieabadL  by/i^ 
lOfli^,  It  is  iMwrdiiiiMhtfii  tfat  if  Bgjht 
do  »o<  oceapy  time  in  tisrelliB^  tibe] 
object  /  win  appev  in  xIb  troe ; 
time  of  obtervatiaiiy  howrer  Mcb  *&£  i 
may  baTe  progroaacd.  I^  oo  tiie  canftmy,  timfi 
be  really  oocnpied  by  li^  in  tnrc&ing^  tiien 
the  obeerver's  eye,  si^ppoaed  to  mtm  in  tiie 
direction  a  a',  wfll  not  see  llie  ImniiMwui  Itod^  / 
by  reaaon  of  the  rays  wbich  rniinatfi  from,  it  at 
the  period  of  obaerration,  but  by  reason  of  the 
rays  which  started  on  their  joamey  at  some 
anterior  period ;  and,  seeing  that  the  direction,  or  angular  position,  of  Imninons  objects 
if  determined  by  taking  cognizance  of  their  luminous  rays,  it  follows  that  I  will  never 
bo  Boon  by  the  moving  observer  in  its  true  position.  Let  us  suppose  the  obaerver's  eye 
to  })0  at  ay  then  /  will  not  appear  in  its  true  position, — ^namely,  the  positioii  indicated  by 
the  lino  /  a,  but  in  some  antecedent  position,  which  the  diagram  does  not  represent 
Supposing  the  observer  to  have  arrived  at  o,  the  apparent  position  of  /  would  canespoa^ 
to  p  (f.c,  parallel  to  /  a',  as  indicated  by  the  dotted  line  op).  It  follows,  then,  that  tiifi 
distance  of  a  luminous  body  being  known,  also  its  true  position  and  its  apparent  positioD, 
the  rate  of  travelling  of  light  can  be  determined  by  trigonometric  calculation. 

Conffidrration  of  Frimary  Optical  Laws. — The  meteoric  relations  of  light  being 
almost  exclusively  optical,  it  will  be  proper  to  enumerate  a  few  primaxy  optical 
laws. 

Itay  of  Light. — Definition :  A  ray  of  light  is  a  rectilinear  agency  of  the  lunwtous 
099enctfor  any  given  transparent  medium.   This  definition  is  equivalent  with  the  or£nary 


Fig.  63. 


Fig.  54. 

oxprrasion  that  light  travels  in  straight  lines — so  fax  as  that  expression  is  correct.  Taken 
iritiiout  limitation,  however,  the  expression  is  not  correct    The  agency  of  light  in 


LUMINOUS  BSFEAGTION* 


611 


\ 


straight  lines  is  onl j  maintained  for  one  liomogeneonB  transporent  body,  and  not  those 
in  some  peculiar  cases^ 

Law  J. — ^The  intensity  of  li^  ygries  iQTersely  to  thiQ  Bquare  of  the  distance.  The 
openrtioa  of  this  law  is  iHnstrated  by  the  preceding  diagram,  wherein  the  figures 
12  3  4  represent  £)nr  distances  from  &  Inminons  object ;  the  intensity  of  light  at  2  will 
be  one-fourth  the  intensity  of  the  same  at  1 ;  at  3,  one-niuth ;  and  at  4,  one-sixteenth. 
If  a  in  the  preceding  body  be  oanoeired  to  stand  for  an  opaque  screen,  haying  determi- 
nate square  divisitms — say  one  foot — and  2  3  4  other  opaque  screens,  hayiiig  the  respec- 
tiye  dimensions  of  feur,  mne^  and  sixteen  fSset^  then  at  position  1  the  one-foot  screen 
will  intercept  all  the  light,  at  2  the  four-feet  square  screen,  &c. 

Law  II, — When  a  ray  of  light  fisJls  on  a  reflective  surface,  the  reflected  and  the 
incident  ray  are  both  in  one  plane.    Thus,  in  the  annexed  diagram, 
m  ip  represents  a  reflective  plane,  d  an  incident  ray,  n  a  reflected 
ray,  and  i  the  point  of  impact ;  thus  the  rays  d  and  » lie  in  one  and 
the  same  plane. 

Law  III — ^The  angle  of  incidence  and  the  angle  of  reflection 
are  equal.  Thus,  referring  to  the  subjoined  diagram  (Fig.  5$),  wher& 
d  X  represents  the  incident  ray,  impioging  at  i  and  reflected  at  n,  the 
ray  di  makes  the  angle  with  a  line  h  %  perpendicular  to  the  reflecting 
plane  m  ip,  which,  is  equal  to  the  angle  made  by  the  reflected  j^^  55^ 

ray  in. 

Law  JF. — When  a  ray  of  light  passes  from  one  transparent  medium  into  another  of 
different  density  to  the  first,  refraction  ensues.  If  the  density  of  the  second  body  be 
more  considerable  than  the  density  of  the  first,  it  is  refracted  in  a  direction  towards  a 
perpendicular  to  the  plane  of  the  refractive  surface.  If  the 
"^  order  of  relative  density  be  reversed,  the  ray  of  light  is  re- 
!  fracted  from  the  perpendicular  plane  of  the  refracting  surface. 
!  The  annexed  diagram  (Fig.  56)  is  intended  to  illustrate  the 
law  just  enunciated.  The  diagram  represents  two  refractive 
media.  The  upper  one  is  indicated  by  four  dotted  lines,  in- 
chiding  a  rectangle ;  the  lower  one  by  four  plain  lines,  also 
including  a  rectangular  space.  We  may  assume,  for  the  con- 
ditions of  our  argument,  the  upper  rectangular  space  to  be 
filled  with  atmospheric  air ;  the  lower  rectangular  space  cor- 

ti^  responding  with  a  block  of  glass.    Assuming,  now,  r  to  stand 

^'  ^'  for  a  ray  of  light  passing  in  the  direction  rit^r'y  we  remark 

that  on  entering  the  glass  the  ray  bends  towards  the  perpendicular^,  because  glass  is  the 
denser  medium.  On  leaving  the  glass,  the  ray  bends  from  p^,  and  assumes  its  original 
course.  Hence,  the  law  is  satisfied.  Hercsdter  we  shall  discover  that  a  full  appreciation 
of  the  action  of  lenses  depends  upon  a  previous  cognizance  of  the  law. 

Many  natural  instances  continually  present  themselves  in  exempHfication  of  this 
law.  The  salmon-poacher  well  knows,  that  if  he  would  succeed  in  spearing  the  fish 
which  he  sees  lying  on  the  bed  of  a  river,  he  must  not  strike  in  the  apparent  direction 
of  the  object,  but  he  must  make  allowance  for  the  refraction  of  light  caused  by  the 
water.  ^  • 

A  very  common  experiment,  illustrative  of  the  refraction  of  light,  is  performed  with 
a  basin  containing  some  small  object,  which  latter,  for  a  certain  position  of  the 
observer,  is  only  rendered  evident  when  the  basin  is  filled  with  water.    Thus,  in  the 
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annexed  diignm  (Fig.  67),  the  basin  is  supposed  to  contain  a  boy's  marble.  Tike  latter 
_  would  be  invisible  to  the  eye  at  E  by  a  xmy  of  lig^ 
passing  in  the  direction  of  £  K,  althoo^^  TisibLe 
by  the  same  ray  when  bent  in  the  directioD.  of  O,  as 
would  be  the  case  provided  the  Teasel  wexe  filled 
with  water. 

Far  more  important  to  the  meteorologut  is  the 
following  illustration  of  the  law  of  luminous  re- 
fraction by  the  atmosphere.  We  have  already  seen 
that  the  atmosphere  is  to  be  considered  physically 
as  made  up  of  concentric  sheUs  of  elastic  matter  ol 
varying  density.  Practically,  then,  each  successive 
atmospheric  layer  (to  assume  the  existence  of  layers  where  the  blending  is  complete)  has 
a  different  refractive  power  for  a  ray  of  light 

The  accompanying  diagram  (Fig.  58)  is  intended  to  represent  the  eflfect  of  atmo- 
spheric limiinous  refraction.  For  the  purpose  of  illustration,  three  atmospheric  shells 
or  zones  are  depicted.     Let  us  now  trace  the  re-  ^--^  "--^ 

fractivc  effects  of  these  zones  on  a  ray  of  light         ^/^.-^^^^ 


Fig.  57. 


Vvi^ 


^ 
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S  is  the  sun  or  other  luminous  heavenly  body,  r 

a  ray  of  light  proceeding  from  the  latter  to  the 

earth,  and,  of  course,  passing  the  atmosphere  of  our 

planet     Now  the  ray  r,  instead  of  going  straight 

on  as  it  would  have  done  if  the  transparent  me> 

dium — the  atmosphere — ^were  of  one  uniform  unvarying  density,  takes  the  ooune  r  /. 

The  outermost  zone  of  air  refracts  it  a  little ;  the  second  zone  being  denaer,  refracts  it 

still  more;  and  the  third,  or  innermost  zone,  denser  still,  effects  a  third  and  final 

amount  of  refraction ;  so  that  the  sun  would  be  rendered  visible  to  an  ohserver  at  r*, 

althou^  really  below  the  horizon. 

Ghvoaaatics. — ^Hitherto,  li^t  has  been  treated  of  without  refierence  to  colour ;  but 
certain  phenomena  of  li^t,  involving  the  production  of  colour,  are  especially  interesting 
to  the  meteorologist  The  rainbow — the  tint  of  douds,  and  aurora  or  morning  dawn— 
the  manifold  hues  of  sky  and  sea,  may  be  cited  as  familiar  eTamplfa. 

To  the  immortal  Newton  we  are  indebted  for  the  first  consistent  theory  ckf  colours ; 
a  theory  which,  slightly  modified,  is  generally  accepted  at  the  present  time.  The  fod. 
is  almost  too  fiuniliariy  known  for  CQumient,  that  Newton  effected  the  decamposition 
of  light  by  means  of  a  triangular  pism,  causing  a  vriute  ray  to  split  into  coloured 
ra}*s,  and  dem<mstiathig  that  white  li^t  consisted  of  the  prismatic  colours  blended 
togi»ther. 

Accoxding  to  Newton,  the  primary  or  prismatic  colours  were  seven,  as  follow : — 
1.  RtMl;  2.  Orange;  3.  Yellow;  4.  Green;  5.  Blue;  6.  Indigo;  7-  Yiolet ;— violet 
rays  K'ing  most,  «nd  red  rays  least  refrangible.  Subsequent  e^ierimenters,  however, 
have  i\>dueed  the  number  of  primary  rays  to  three, — namdy,  rtdt  AbM^  and  ffrttn.  This 
(it ministration  cannot  be  satis&ctorilv  arrived  at  by  prismatic  decomposition ;  but  by 
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employing  glasses  of  diffisrent  colonxs,  and  absorbing  certain  lants  of  light,  the  dettion- 
stration  is  easy. 

The  subject  of  meteorology  scarcely  demands  that  I  should  enter  upon  the  discussion 
of  spherical  or  chromatic  aberration,  still  less  on  the  consideration  of  double  refraction 
and  polarized  light.  I  shall,  therefore,  conclude  this  short  theoretical  exposition  of  the 
functions  of  light  by  presenting  a  summary  of  the  arguments  for  and  against  the  cor- 
puscular or  emissary,  as  well  as  the  undulatory  theory. 

It  has  already  been  remarked  that  the  wavO  theory  of  light — i.e.,  the  undulatory 
theory — originated  at  a  period  anterior  to  the  corpuscular  theory  introduced  by  Sir  Isaac 
Newton.  The  great  objection  to  the  wave  theory  was  this : — ^if  light  be  the  result  of 
waves,  it  was  argued,  how  is  it  that  light  will  not  travel  round  a  comer  after  the  manner 
of  sound  ?  which  latter  was  known  to  be  the  result  of  vibrations  in  the  air  or  other 
medium.  This  question  was  deemed  to  present  an  impossibility  to  the  comprehension 
of  the  advocates  of  the  wave  theory  of  light.  Curiously  enough,  the  modem  philosopher 
may  accept  the  comer-test  as  one  of  the  strongest  proofs  in  favour  of  the  wave  theory  of 
light. 

As  the  most  striking  similarity  prevails  between  light  and  sound  in  many  of  their 
relations,  let  us  establish  a  comparison  between  the  two,  in  respect  of  turning  a -comer. 
Every  one  knows  that  sound  can  turn  a  comer ;  but  the  fact  is  scarcely  less  patent  that, 
in  the  act  of  turning  a  comer,  a  portion  of  the  soniferous  impulse  is  deadened  or  lost. 
The  proof  of  this  assertion  is  so  common,  that  we  scarcely  require  the  performance  of  an 
artificial  experiment.  Who  is  there  who  has  not  noticed  the  sudden  deadening  of  the 
rumbling  noise  of  carriage- wheels,  immediately  the  carriage  has  turned  to  the  right  or 
left  down  a  side-street  ?  "Who  that  has  been  present  during  artillery  practice — some- 
times standing  near  the  muzzle  of  a  camion,  sometimes  behind  it — ^has  not  been 
made  cognizant  of  the  difference  between  the  violence  of  the  report  of  the  cannon's 
discharge  ?  Thousands  of  instances  of  this  kind  must  have  presented  themselves  to 
everyone. 

The  following  experiment  simply,  yet  satisfactorily,  illustrates  the  same  propositions. 
If  a  tuning-fork  be  struck  and  held  at  arms-distance  from  the  ear,  its  prevailing  note 
will  be  heard  with  a  certain  distinctness.  If,  now,  a  card  be  interposed  between  the 
tuning-fork  and  the  ear,  the  former  may  be  brought  very  near  the  latter  without 
making  the  listener  cognizant  of  a  sound  equal  in  intensity  to  that  which  he  heard 
when  the  tuning-fork  was  more  distant,  but  when  no  card  intervened.  Indeed,  what- 
ever test  be  devised  for  demonstrating  the  deadening  of  soimd  by  necessitating  its 
travelling  round  a  comer,  the  result  is  invariably  of  one  kind — ^it  is  affirmative  of  the 
proposition. 

In  endeavouring  to  establish  the  existence  of  a  similar  property  in  respect  of  light, 
due  allowance  must  be  made,  of  course,  for  the  difference  of  degree  between  sonorous  and 
luminous  vibrations.  I  shall  very  soon  demonstrate  that,  whatever  may  be  the  cause  of 
light,  each  particular  colour  corresponds  to  a  certain  size  of  something,  either  of  wave 
or  of  particles.  Assuming  these  measiu-es  to  be  the  measures  of  waves,  then  we  are  in 
the  condition  to  prove  that  the  difference  between  the  size  of  sound-waves  and  of  light- 
waves is  enormous ;  and  being  enormous,  we  cannot  expect  that  light  should  be  able  to 
turn  a  comer  to  a  similar  eictent  and  with  the  same  facility  we  find  sound  to  do.  But 
that  it  can  turn  a  comer  within  certain  limits  is  unquestionable ;  therefore,  we  establish 
an  analogy  in  an  important  particular  between  light  and  sound,  and  furnish  an  answer 
to  the  argument  which  Newton  thought  to  be  imanswerable. 
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The  aimplasC  demooataAtum  of  the  het  thst  light  turns  the  eomer  is  fanaBhed  hj 

the  phenomena  of  shadow.  What  artist  is  there  who  does  not  perfectly  weil  know- 
that  the  edge  of  a  shadow  is  somewhat  more  iUuminated,  or  less  dai^  tium  the 
centre  of  the  shadow?  and  granted  that  the  fact  he  so,  does  it  not  prove  liuit  11^ 
and  sound,  in  the  matter  of  turning  a  comer,  present  a  complete  aouilogy? 

Another  illustration,  not  so  familiar  as  the  last,  but  e<p]all7  ezpressi^^  is  Hiu : — If  a 
minute  perforation  be  made  in  a  card,  of  ooane  a  osrtain  amount  of  light  eaii  be  eaossd 
to  pass  through  the  perfbratian.  If^  now,  an  object  be  yiewed  throogh  the  iqxartme^  the 
object  will  be  represented  magnified,  jnst  as  it  would  if  a  magnifying  lens  were  fixed  in 
the  aperture.  Now,  on  the  assumption  of  the  passage  of  light  throui^  tiie  iqiertme, 
merely  subjected  to  the  law  of  diminished  intensity,  inyersely  as  the  square  of  the  <£s- 
tance,  we  cannot  account  for  this  magnifying  power;  but  if  we  grant  that  file  Hg^t, 
by  friction  (to  use  a  comprehensible  but  not  unexceptionable  term)  against  the  edge  of 
the  aperture,  is  bent  outwards,  then  the  result  is  accounted  for. 

Interference  of  Light. — Some  of  the  most  beautiful  arguments  in  fitvoor  of  the  nndn^ 
latory  theory  have  reference  to  what  is  called  the  interference  of  light.  What  ia  meant 
by  this  term  may  be  thus  summarised.  It  is  possible,  by  certain  optical  arrang^nnents, 
to  produce  darkness  by  causing  one  ray  of  light  to  impinge  against  another  ray  in  a 
certain  distance ;  whereas,  varying  the  distance,  it  is  also  possible  to  nmke  the  lumi- 
nosity of  the  first  ray  more  powerful  by  the  extent  of  the  luminosity  of  the  seccmd.  How 
beautifully,  how  completely  does  this  accord  with  the  phenomena  of  mmiioal  sounds  f 
Let  the  following  experiment  be  performed  by  a  person  whose  ear  is  modemlely  sensible 
to  harmony,  and  the  effect  noted : — ^Let  two  musical  instruments — ^wind-instruments  are 
the  best  (and  perhaps  two  organ  pitch-pipes  are  preferable  to  any  other) — be  caused  to 
produce  simultaneously  discordant  notes.  That  there  is  discord  the  ear  can  hardly  fiul 
to  recognize  ;  but  to  recognize  the  cause  of  discord  will  require  a  little  attentian.  The 
two  series  of  pulsations  will  be  heard  clashing  mutually  against  each  otiier ;  all  idea  of 
musical  tone  -^-ill  have  departed;  and  even  the  sound,  regarded  as  a  mere  noise,  wili  haye 
become  less  t^q^n  the  sum  of  the  two  sounds. 

If,  however,  the  two  organ  pitch-pipes  be  now  set  in  harmony,  as  the  muaioians 
term  it ;  and,  more  especially,  if  one  be  set  to  produce  atone  one  octave  aboYB  the  other, 
and  both  simultaneously  sounded ;  not  only  will  the  result  be  harmonious,  satLsfying  tiie 
musician's  ear,  but  the  power  of  the  sound  will  be  equal  to  the  sum  of  tJie  power  of  the 
two  notes. 

Now  the  scale- value  of  musical  notes  can  be  demonstrated  to  correspand  with,  and 
be  dependent  upon,  waves  of  definite  size  for  any  particular  medium ;  and  it  admits  of 
demonstration  that  musical  harmony  depends  on  an  accordance  between  sonorous  vibra- 
tions ;  moreover,  that  discord  results  when  soniferous  waves  clash  in  different  phases  of 
their  vibrations.  All  this,  however,  will  be  more  evident  if  we  seek  an  illustration  in  a 
case  invohdng  the  production  of  visible  waves ;  as,  for  example,  the  illustration  fur- 
nished by  the  waves  which  can  be  made  to  arise  on  the  surface  of  water.  If  a  stone 
be  thrown  upon  the  surface  of  water  in  a  pond  previously  unruffled,  a  series  of  concen- 
tric waves  will  be  developed,  originating  in  the  centre,  or  point  of  impact  of  the  stone, 
and  extending  outwards  concentrically.  If,  now,  a  second  stone  be  thrown  on  the  sur- 
face of  the  pond,  evidently  a  second  series  of  concentrically  expanding  rays  will  bo  pro- 
duced, which,  meeting  the  first  series,  will  give  rise  to  one  of  two  q[qK»ite  efiects, 
according  to  the  manner  in  which  the  waves  strike  each  other.  If  the  crest  or  swdll  of 
one  wave  happens  to  correspond  with  the  crest  or  swell  of  a  second,  then  the  two  will 
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blend,  and  the  resiilt  -will  bo  a  wave-  larger  than  either.  If,  however,  the  crest  of  one 
wave  hapfiena  to  strike  the  depressed  curve  of  another,  the  result  will  be  a  diminution  of 
the  size  of  both  waves — ^nay,  the  absolute  destruction  of  both,  provided  they  were 
originally  of  precisely  the  same  dimenaionfl. 

The  meaning  of  the  eorpression,  "  correspondence  of  phase  cf  vibration  "  wfll  now  be 
evident.  If  the  crests  of  two  waves  strike  and  coalesce,  both  curves  pursuing  the  same 
direction,  they  are  described  as  meeting  in  the  same  phase,  of  their  vibration ;  if  they 
meet,  the  curves  of  each  wave  pursuing  poposite  directions, — that  is  to  say,  one  rising 
while  the  other  is  falling,-^^Qien  the  waves' are  said  to  meet  in  opposite  phases  of  their 
vibration. 

I  have  selected  the  surface  of  water  as  furnishing  a  visible  ilhistration  of  wave 
interference,  in  every  way  comparable  to  the  interference  of  sonorous  waves  as  demour 
strated ;  and  to  the  interference  of  luminous  waves  as  assumed  on  the  strongest  ground^ 
of  probability. 

Let  US  proceed  now  to  develop  the  princi^es  from  the  consideration  of  which 
the  sLse  of  an  unseen  wave  may  be  demonstrated.  Sonorous  waves  are  of  this 
kind. 

Firstly,  suppoeixig  atmospheric  air  to  be  the  medium  of  soniferous  waves,  we  require 
to  know  the  velocity  of  sound  through  this  medinm.  This  has  been  determined  to  be 
about  1,120  fe^  p^  second  at  a  mean  temperature  and  pressure.  Considering  then  that 
the  velocity  with  which  sound  travels  has  been  determined,  and  that  each  particular 
tone  of  the  musical  scale  eoiresponds  with  a  determinate  number  of  undulations  or 
vibrations  in  a  given  tone,  we  may  ascertaia  the  dimensions  of  sonorous  waves  corres- 
p<Miding  with  any  particular  tone,  provided  we  know  the  number  of  vibration*  for  any 
given  tone.  M.  Savart  accomplished  this  by  a  very  ingenious  instrument,  the  con- 
struction of  which  will  be  best  introduced  by  the  following  reference  to  a  circimistance 
frequently  occuning.  Perhaps  it  may  have  happ(med  to  the  reader  that  on  some  occa-^ 
sion  when  briskly  passing  along  near  a  long  range  of  iron  or  wooden  railings,  he  has 
imconsciously  touched  them  with  the  end  of  his  cane,  which  necessarily  will  have  struck 
each  bar  of  the  railing  with  lesser  or  greater  amount  of  velocity,  according  to  the  rate  at 
which  the  pedestrian  may  have  been  walking  alooo^  Kow  it  will  scarcely  £ul  to  have 
been  noticed  that  for  every  degree  of  rapidity  of  impact,  there  will  have  been  produced 
a  different  sound,  the  tone  becoming  more  and  more  shrill  in  proportion  as  the  velocity 
of  impact  is  greater. 

On  this  principle  is  founded  the  instrument  of  M.  Savart — a  spiked  wheel,  capable  of 
l>eing  set  in  motion  with  a  determinate  vebctty.  Inasmuch  as  this  machine  furnishes  a 
known  velocity  for  a  known  sound,  we  have  two  of  the  data  for  ascertaining  the  size  of 
a  sonorous  wave ;  the  remaining  datum  is  the  velocity  of  sound,  already  mentioned. 
The  size  of  a  son(MX>us  wave,  corresponding  with  any  particular  musical  note,  may  now 
be  determined  by  application  of  the  subjoined  formula : — 

Let  S  =  velocity  of  sound  per  second, 

N  =  number  of  vibrations  per  second  necessary  to  produce  any  given  note, 
"W  =  length  of  wave  corresponding  to  that  note ; 

a 

then^=:W. 

From  the  application  of  this  formula  are  determined  the  lengths  of  organ-pipes,  cor- 
rcspondiog  to  different  notes^  as  given  in  the  flowing  table  * — 
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JfVXBER    OF  TIBBATION8    PSB   BBOOND    PSKFOBMED   BT  WATE8  OF  AIB   OOKBaSBPOMDINC 
TO   CERTAIN  MTSICAli  NOTBB,  AND  LENGTH  OF  THE  BBBPECTIVB  WAYES. 


Notes  of  the 
Organ. 

Length  of 

No.  of  Tibrations 
per  second. 

Length  of 
Ware. 

Lowest  C 

82 

16 

70 

orHF 

Ci 

16 

32 

35 

orHF 

C» 

8 

64 

17-5 

orHF 

C3 

4 

128 

8-75 

or^S^<^ 

c* 

2 

256 

4-375 

orV^ 

c» 

1 

612 

21875 

orV^ 

Determination  of  tite  Size  of  Sonorous  Waves, — Having  illustrated  some  of  the  phe- 
nomena of  waves  by  reference  to  a  surface  of  water,  and  shown  in  what  manner  the 
size  of  sonorous  waves  may  be  determined  let  us  now  proceed  to  apply  a  parallel  course, 
of  reasoning  to  a  determination  of  the  size  of  luminous  waves,  corresponding  with  any 
particular  colours, — assuming,  of  course,  as  we  are  obliged  to  assume,  that  the  sensation  of 
light  be  referable  to  the  existence  of  waves.     The  accompanying  diagram  (Fig.  59)  wiU 

illustrate  the  manner  by  which  this  can  be  effected : 
it  represents  a  plano-convex  lens,  laid  with  its 
convexity  downwards  upon  a  flat  glass  surface. 
Oi'  ff       w  If  this  be  done,  and  if  the  two  be  pressed  together 

with  a  certain  degree  of  force,  the  space  of  air 
'  lying  between  the  flat  glass  and  the  convexity  of 

the  lens  at  every  point,  with  the  exception  of  the  centre,  will  be  tinted  with  the  primary 
colours.  The  outermost  band  of  colour,  represented  in  the  diagram  by  the  letters  a  «', 
will  correspond  with  red  light ;  and  the  innermost  or  central  band,  circumscribed  around 
h\  will  correspond  with  violet  light ;  and  between  the  two  all  the  prismatic  tints  will 
appear  in  their  ordinary  scale  of  gradation.  Let  us  contemplate  the  beautiful  deduc- 
tions which  flow  from  this  simple  experiment.  Firstly,  it  is  evident,  that  for  each 
coloured  band  there  is  a  corresponding  definite  thickness  of  air ;  so  that  whatever  the 
cause  of  light  may  be — whether  particles,  or  waves,  or  anything  else — ^the  space  cor- 
responding with  each  particular  colour  is  the  measure  of  that  on  which  the  colour 
depends,  to  the  same  extent  that  the  cleft  between  two  rocks,  into  which  a  fish  has 
become  fixed,  is  a  measure  of  the  size  of  the  fish :  so  if  we  can  ascertain  the  size  of 
this  aerial  space  for  any  given  point,  we  can  ascertain  the  size  of  the  cause  of  light; 
and  granted  that  waves  of  different  dimensions  are  the  cause  of  different  colours  of 
Ught,  we  can  speak  confidently  of  the  size  of  each  particular  wave.  These  measure- 
ments do  not  admit  of  being  determined  by  rough  direct  measurement  of  rule  and  Une; 
but  they  con  easily  be  measured  by  obvious  trigonometrical  calculations,  inasmuch  as 
tho  curve  of  the  lens  is  the  solid  formed  by  the  rotation  of  an  arc,  of  a  circle  of 
known  diameter. 

Knowing  tho  velocity  of  light,  and  knowing  that  it  travels  at  the  rate  of  190,000 
miles  per  second,  we  are  now  in  a  position  to  determine  that  a  wave  of  the  extreme  red 
of  the  solar  spectrum  has  a  length  of  '00000266th  part  of  an  inch,  and  t^iat  it  vibrates 
45%  million  times  per  second  *,  that  a  wave  of  extreme  violet  light  has  a  length  of 
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•00000467th  part  of  an  inoh,  and  accomplishes  727  millions  of  vibrations  in  a  second. 
The  steps  of  the  calculation^  as  will  be  observed,  are  the  exact  parallels  of  the  steps 
already  given  above  for  the  calculation  of  the  size  of  sonorous  waves,  and  are  based  on 
a  knowledge  of  the  velocity  of  light  per  second,  and  the  actual  space  corresponding  to 
each  particidar  tint.  Inasmuch,  however,  as  the  subject  of  light  is  somewhat  abstruse, 
perhaps  the  following  parallel  cases  will  render  the  train  of  reasoning,  by  which  the 
size  of  the  waves  of  light  are  determined,  more  obvious : — 

PARALLEL  CASES. 

Light  travels  at  the  rate  of  190,000  miles  A  man  travels  at  the  rate  of  60  yards  per 

per  second.  minute. 

Length  of  waves  of  red  light,  '00000266th  (Assumed)  length  of  the  man's   strides, 

part  of  an  inch.  .  1^  yard  each. 

Query. — How  many  vibrations  does  a  ray  Query. — ^How  many  strides  does  the  man 

of  red  light  make  per  second  ?  make  in  a  minute. 

Formula  for  solvinp  the  query.  Formula  for  solving  the  query. 

Velocity  of  light  per  sec.  No.  of  vibra-  Velocity  of  man  per  min.  No.  of  strides 

Length  of  wave  of  every        tions  per  sec.  Length  of  stride  per  min, 

colour 

Or,  Or, 

Answer.  Answer. 

•00000266)190,000(*«8^^'J^°^^^  1J)60(40  strides  per  minute. 

Atmospherie  Decomposition  of  White  Light.— ^oloMied  light  has  been  demonstrated 
to  be  a  component  of  white  light ;  and,  indeed,  there  is  very  little  white  light  in  nature. 
Owing  to  the  various  decomposing  agencies  to  which  light  is  subject,  the  result  is 
generally  coloured.  The  tints  of  natural  objects  are  generally  determined  by  their 
quality  of  limiinous  absorption.  If  a  sur&ce  absorb  red  and  blue  light,  merely  reflecting 
yellow  rays,  then  the  tint  of  the  body  in  question  will  be  yellow.  If  it  absorb  yellow 
and  red,  merely  reflecting  blue  rays,  then  the  tint  of  the  body  will  be  said  to  be  blue ; 
and  so  on  for  the  remaining  case.  An  absolutely  white  body  should  of  course  reflect 
the  rays  of  every  colour,  but  absolute  whiteness  is'rare.  An  absolutely  transparent  body, 
again,  should  transmit  rays  of  all  coloTirs ;  but  this  absolute  transparency  can  be  scarcely 
said  to  exist.  Even  the  atmosphere,  transparent  though  it  seem  to  be,  obstructs  much 
light,  though  the  blue  colour  of  the  atmosphere  is  not  owing  to  the  blue  colour  of  its 
particles,  but  to  the  reflection  of  blue  rays. 

Water,  again,  is  said  conventionally  to  be  transparent ;  but  we  have  only  to  look 
through  a  mass  of  water,  or  to  look  upon  the  surface  of  a  mass  of  water,  to  be  convinced 
that  this  liquid  has  the  property  of  absorbing  some  colours  more  than  others.  The  con- 
sequences which  flow  from  the  imperfect  transparency  of  the  atmosphere  are  very 
curious  and  important.  If  it  were  perfectly  transparent,  the  heavens  would  appear  black 
to  us,  and  the  heavenly  bodies  would  be  seen  brilliantly  shining  as  if  in  a  framework  of 
jet.  By  its  absorptive  power  the  atmosphere  becomes  to  a  certain  extent  visible ;  the 
light  of  the  heavenly  bodies  is  mellowed  and  softened  down ;  and  the  beautiful  pheno- 
mena of  twilight  and  morning  dawn  are  determined.  Were  the  atmosphere  perfectly 
transparent,  the  surface  of  the  earth  would  be  illuminated  in  a  way  totally  unadapted  to 
our  necessities.  "Wherever  the  direct  rays  of  the  sun  might  fall,  the  surface  would  be 
illumined  with  a  blaze  of  light ;  but  all  other  spots,  provided  light  did  not  chance  t»  ^ 
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nAwjted  ufxia  tliesi,  ▼onld  be  qaine  dark.  Aeroosnts,  and  tzmveQen  who  ■iiwwil  dBfauic 
nouxit«in%  '>ntfinii  the  iwiicatioM  of  theorr  ivlatire  to  the  agener  of  the  aiiiwjijyit 
in  diiCujung  ot  acattering  lumxBoiu  rara.  In  pruportiaQ  as  the  eleTBti0n  abovp  Iht 
earth's  »uilaoe  is  greater,  so  does  the  akr  appear  more  dark. 

^rtzrr^^'T^ — ^The  magnetic-xieedle,  when  froely  poised  cm  a  poTxit  or  fns^  wae~ 
pend^.-d,  iH  known  to  assume  a  directiTe  tendcncr;  and  that  tendencr  is  papokdr 
diihirrWrd  a^  rx-in;^  north  and  fcouth.  Actually,  however,  the  directian  of  inartii  ■ndsoinzi 
u  only  ^orr^.•i,l  f'tr  certain  laxrU  of  the  earth's  surface.  In  by  far  the  greater  number  of 
phu:« •^<,  til"  line  of  tru«  north  and  south  is  more  or  less  departed  fix>ni.  In  oertazn  localitie& 
thr.'  fh'i^dr**iT<.'  is  rrry  qjcat ;  thus,  for  examjile,  in  Greenland  the  magnetic-needle  actmilh- 
I>oiiit8  cast  an«l  wc«<t ;  atri  Parnr  even  found  that  in  one  part  in  the  x^-i-^  of  Greenknd 
the  north  ]fAe  of  tlio  m.i'^'tic-needle  actually  turns  to  the  south.  In  France  tiie  inac- 
nctlr-  in'ridian,  or  line  in  which  tlis  freely-suspended  needle  comes  to  nest,  is  nesiiT 
c<iijici<h  nt  with  the  astronomical  meridian,  oidy  differing  from  it  by  22°  towards 
the  wcj^t ;  thurf  ^viiig  rise  to  what  is  called  ma;^ctic  declinatum,  or  vaiiaticMi.  Afpw 
c;nturi<*s  a^^o  thfie  was  an  absolute  coincidence  between  the  magnetic  and  the  Bstram>> 
mical  m<'ridian.«j  — th'*re  was,  in  p^iint  of  fact,  no  magnetic  deflection  or  yariatian. 

Ind('iK>nd<fnlly  of  its  northern  and  southern  directive  tendency,  the  magnetie-iieedle 
is  subj<?ct  to  the  influence  of  what  is  called  the  magnetic-dip.  The  dipping-needle  con- 
sists of  a  magnetic-needle  poised  in  such  manner  that  it  can  move  in  a  yertical  phcne, 
when  the  influence  of  dip  will  be  rendered  manifest  in  a  way  best  illustrated  perhaps  by 
tlu;  following  case  : — Premising  that  a  new  magnetic  stcel-ncedle  may  be  readily  mag- 
netized by  contact  with  a  magnet,  it  is  evident  that  such  a  non-magnetized  needle  may 
b(?  80  poised  on  a  pivot,  or  suspended  by  a  string,  that  it  shall  lie  in  a  perfectly  hoiiEantal 
direction.  If,  whilst  lying  thus,  it  be  suddenly  magnetized  by  contact,  and  if  the  opeca- 
tiou  be  ixjrfonned  anywhoro  in  the  northern  hemisphere,  the  honzontality  of  the  mag- 
netic-n(!«<lle  will  be  immediately  departed  from,  and  the  northern  extremity  or  poile  will 
be  di'pr(trtsud.  If  the  experiment  bo  Qprformcd  anywhere  in  the  southern  hemi^phoe, 
then  the  horizoutality  of  direction  will  also  be  departed  from ;  but  it  is  the  sonliian 
extremity  now  of  the  magnetic-noodle  that  will  be  depressed.  The  Mn""Tit  of  the 
depression  or  dip  is  various  for  different  parts  of  the  world.  At  a  certain  line,  not 
quito  correspondent  with  the  terrestrial  equator,  the  needle  lies  horizontally — there  is  no 
dip ;  this  lino  corresponds  with  what  is  called  the  magnetic  equator.  The  avenge  \ 
amount  of  dip  for  this  part  of  Europe  is  about  70°  north.  Proceeding  towards 
the  north,  the  dip  continually  increases  ;  and  it  attains  its  maximum  at  the  north,  magnetic 
pole,  which,  however,  is  not  coincident  with  the  terrestrial  north  pole,  but  some  dirtaocc 
removed  from  it. 

As  the  northern  magnetic-dip  goes  on  increasing  as  we  pass  towards  the  north,  so 
does  the  southern  magnetic-dip  go  on  increasing  when  we  travel  in  the  opposite  direc- 
tion ;  but  the  magnetic  phenomena  of  the  southern  hcmisj^ere  have  not  heesa.  so 
accurately  studied  as  the  phenomena  of  the  northern.  Hero  it  should  be  remarked  that 
some  confusion  has  arisen  for  want  of  accurately  defining  the  meaning  of  the  term  mag- 
netic polo.  Sometimes  it  has  been  held  to  signify  the  two  points  of  greatest  magnetic 
energy  of  the  whole  earth,  independently  of  the  collateral  energy  due  to  the  operation  of 
local  causes ;  at  other  times  it  has  been  held  to  be  synonymous  with  the  point  exhibiting 
the  grt»atest  influence  of  these  local  causes.  Adopting  the  latter  idea,  some  writers  describe 
two  northern  magnetic  poles— one  iu  Siberia,  the  other  in  North  America ;  but  this  seems 
an  \mphilo8ophieal  application  of  the  term,  polarity.   Accepting  the  teim  magnetic  pole  in 
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its  first  sense,  it  will  he  easy  to  see  that  one  of  the  northern  magnotic  poles,  at  least,  cor- 
responds with  the  point  of  greatest  cold. 

Variations  of  Tnrestrial  Magnetitm. — ^These  may  be  divided  into  regular  and  irregular. 
The  former  are  dependent  on  determinate  causes ;  and  though  the  causes  of  the  latter  be 
not  determinate,  analogy  ftimishes  us  with  a  plausible  explanation  of  them.    Referring 
to  magnetic  variations  of  the  determinate  kind,  they  will  be  found  to  present  a  correlation 
i  with  variataons  of  temperature.     Some  time  during  the  morning  the  north  polar  extrc- 

I  '  mity  will  have  attained  its  greatest  variation  towards  the  cast,  and  shortly  past  noon  it 
I  ■  will  have  deviated  towards  the  west  of  its  normal  meridian ;  it  then  returns  eastwaid 
again,  and  about  midnight  it  will  have  assumed  a  deviative  position  almost  similar  to 
ihat  which  it  had  in  the  morning.  These  oscillations  have  not  the  same  amplitude  at 
all  times  of  the  year ;  they  are  greater  in  summer  than  in  winter — greater  on  a  warm 
and  cloudless,  than  on  a  cold  and  clouded  day :  circumstances  which  point  to  the  thermal 
origin  of  the  variations. 

The  amount  of  dip  also  manifests  horary  variations ;  a  circumstance  which  leads  to 
the  inference  that  ihe  magnetic  poles  are  not  fixed  spots  like  the  geographic  poles  of  the 
earth,  but  are  subject  to  deflections.  This  is  exactly  what  should  result,  if  the  thermal 
theory  of  terrestrial  magnetism  be  adopted. 

The  regular  variations  of  the  magnetic-needle  are  so  clearly  referable  to  the  normal 
effects  of  solar  heat  operating  upon  the  surface  of  our  globe,  that  philosophers  have 
universally  agreed  to  refer  them  to  that  cause.  But  the  influences  of  solar  heat  are  occa- 
sionally abnormal;  besides  which,  specialities  of  locality,  the  effect  of  casual  flows  of 
tepid  oceanic  water,  the  influence  of  volcanoes,  &c.,  furnish  a  sufficient  basis  for  an 
a  priori  assumption  that  other  magnetic  variations  besides  those  which  admit  of  being 
piredicted  wiU  come  into  operation.  Hence,  other  phenomena  of  magnetic  aberration  wiU 
be  determined^they  have  been  studied  more  especially  by  M.  Grauss;  and  their 
dependanoe  upon  what  may  be  termed  an  abnormal-thermal  condition  of  our  globe  is 
rendered  the  more  probable  that  they  are  coincident  with  irregular  variations  of  the 
barometer. 

Three  systems  of  lines  ore  employed  to  represent  on  charts  the  three  different  values 
of  magnetic  declination,  inclination,  and  intensity.  These  lines  were  denominated  by 
Humboldt  iaogonie,  isodinic,  and  isodynanUc  lines. 

Isogonio  Hnes  are  such  as  connect  those  parts  of  the  earth  possessing  equal  magnetic 
declinations ;  and  charts  are  formed  in  accordance  with  these  lines,  called  declination 
charts.  Inasmuch,  however,  as  the  amoimt  of  magnetic  declination  for  any  one  place 
is  never  permanent,  but  continually  changing,  these  charts  are  only  reliable  for  short 
successive  periods,  and  require  to  be  £:equentiy  altered.  There  are,  nevertheless,  a  few 
points  on  the  earth's  surface  where  the  amount  of  declination  is  permanent,  or  very 
nearly  so ;  the  most  remarkable  of  these  are  Spitzbergen  and  the  wertem  parts  of  the  West 
Indies.  The  most  important  and  most  remarkable  of  all  the  isogenic  lines  is  that  coin- 
ciding with  places  where  the  magnetic  and  astronomical  meridians  exactly  coincide ; 
and  where,  consequentiy,  the  needle  points  due  north.  In  the  year  1657,  this  line  passed 
through  London,  and  two  years  later  through  Paris. 

Isoclinic  lines  are  such  as  connect  parts  of  the  earth  which  are  characterized  by  the 
same  amount  of  magnetic  inclinations.  Charts  of  these  lines  exist  imder  the  name  of 
inclination  charts.  The  most  important  of  these  lines  is  the  one  corresponding  with  the . 
magnetic  equator ;  and  at  which,  as  before  explained,  the  dipping-needle  has  no  inclina- 
tion.   The  magnetic  and  the  terrestrial  equators  cut,  as  was  before  explained,  and  the 
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points  of  interaection  continually  yary.  In  1825  one  point  of  mtexaectian  of  the  two 
eqimtoni  occupied  a  position  near  tlie  Island  of  St.  Thomas,  on  the  weafem  coast  of 
Africa,  being  distant  about  188|'  from  the  South  Sea  node ;  between  1825  to  1837  die 
former  node  shifted  4*  westward.  On  the  Brazilian  coast  the  magnetie  is  situated  IS* 
south  of  the  terrestrial  equator.  About  one-fifth  of  the  magnetic  equator  ents  the  sor- 
face  of  the  ocean. 

Places  at  which  the  intensity  of  magnetic  force  is  equal  are  said  to  be  isodynamic, 
and  on  charts  arc  represented  as  being  cut  by  isodynamic  lines.  Generally  the  intensity 
of  magnetism  may  be  said  to  increase  firom  the  equator  to  either  pole ;  neyertheleas, 
iK(i(lynamic  magnetic  lines  neither  run  parallel  to  the  magnetic  nor  to  tlie  tenestrisl 
equatf)r.  The  minimum  of  intensity  occurs  near  the  coast  of  BraziL  The  maximiiin 
of  mngnetic  intonHity  is  about  twice  the  minimum. 

CatMe  of  Terrestrial  Magnetism. — Reference  has  already  been  made  to  the  inflnenoe 
of  heat  in  causing  perturbations  of  the  magnetic-needle.  We  shall  presently  find  tibst 
the  very  existence  of  terrestrial  magnetism  is  ultimately  referable  to  heat. 

When  treating  of  the  thcrmoscope  of  Nobili,  some  mention  was  made  of  the  function 
of  thermo-electricity,  and  the  conditions  necessary  for  bringing  it  into  operation.  It  wiU 
now  bo  desirable  to  discuss  the  properties  and  conditions  of  this  function  more  closely. 

Nothing  can  bo  more  certain  than  the  correlation  which  subsists  between  heat,  elec- 
tricity, and  magnetism.  It  is  imi>o8siblo  to  produce  an  elevation  or  a  depression  of 
trmporaturo  without  producing  at  the  same  time  a  manifestation  of  electrical  excitement. 
This  will  be  demonstrated  hereafter  Under  the  head  of  Electricity.  For  present  purposes 
it  will  bo  sufficient  to  establish  the  law  of  electro-magnetic  excitation,  and  to  show  in 
what  manner  it  is  in  some  cases  ultimately  referable  to  the  operation  of  heat.  Long 
before  the  precise  depondanco  of  magnetism  upon  electricity  was  known  or  suspected, 
the  connection  subsisting  between  them  was  assumed.  Pieces  of  steel  were  frequently 
rendered  magnetic  during  thunderstorms ;  the  polar  tendency  of  magnets  already  existing 
was  reversed  by  the  same  cause ;  and  at  a  later  period  in  the  progress  of  electrical  experi- 
ment the  discovery  was  made  that  a  small  steel-needle  might  be  converted  at  pleasure 
into  a  magnet  by  subjecting  it  to  the  influence  of  a  wire  helix,  acting  the  part  of  an 
electrical  conductor. 

The  experiment  in  question  is  very  easy,  and  as  follows : — Within  the  coils  of  a  wire 
helix  (see  Fig.  60)  a  needle,  enveloped  in  paper  or  some  equivalent  imperfectly-con- 
ducting material,  is  laid.  An  electric  discharge  then  being  transmitted  through  the 
conductor,  and  the  needle  removed,  it  will  be  found  to  have  acquired  magnetic  pro- 
perties, indicated  by  its  quality  of  attracting  iron-filings  at  either  end ;  by  its  north  pole 
or  end  repcUing  the  north  pole  or  end  of  a  known  magnet,  attracting  the  opposite,  and 
viee  versa. 

Looking  at  the  conditions  of  this  experiment,  it  will  be  perceived  that,  whatever 
connection  between  the  producing  electric  current  and  the  produced  magnet  there  may 
be,  the  elootrioity  has  been  acting  tangentically  to  the  long  axis  of  the  needle.  This  is 
an  important  point,  for  wo  shall  hereafter  see  that  the  same  tangential  relation  con- 
tinues to  subsist  in  all  subsequent  experiments  resulting  in  the  formation  of  electro- 
magnets. 

Common  or  fnctional  electricity  does  not  furnish  the  operator  with  a  means  of 
priH^tHHling  fhr  in  his  examination  of  the  relations  subsisting  between  electricity  and 
magnetism.  The  aid  of  voltaic  electricity  is  required,  as  in  the  fallowing  experi- 
ments :— If  a  metallic  wire  be  twisted  into  a  helix,  as  represented  in  the  following 
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diagram  (Fig.  60),  and  a  bar  of  iron,  previously  enveloped  in  paper,  inserted  within  the 
helix ;  if  now  a  current  of  yoltaio  electricity  be  transmitted  through  the  wire,  the  iron 
bar  will  for  the  time-being  be  converted  into  a  magnet.  This  experiment  is,  indeed, 
similar  to  that  already  indicated,  with  the  exception  that  an  iron  bar  instead  of  a  steel 
needle  is  employed ;  the  fact  being  that,  though  /-irX^OOOOQQQQnCN 

steel,  when  once  rendered  magnetic,  retains  the  ^  OnuOuUUUuUnO^^"^ 
magnetic  influence  with  much  permanence,  iron  \i\i\J\J\J\J\J\J\J\j\j\s 

is  more  readily  amenable  to  the  same  influence,  ^*  ^* 

and  is  therefore  commonly  employed  in  these  and  similar  experiments.  Instead  of 
using  a  plain  wire,  it  is  better  in  practice  to  employ  a 
wire  covered  with  flax,  or  cotton,  or  silk  fibre,  or  witli  a 
layer  of  gutta-percha,  when  the  necessity  which  previously 
existed  of  enveloping  the  bar  in  paper  ceases.  Coated 
wire  of  this  description  is  extensively  prepared  by  manu- 
facturers of  gutta-percha. 

The  influence  of  voltaic  electricity  in  determining  mag- 
netism is  still  more  evidently  manifested  when  the  iron  bar, 
instead  of  being  straight,  is  bent  into  the  horse-shoe  form 
as  represented  in  the  accompanying  diagram  (Fig.  61) ; 
and  tihe  power  of  the  developed  magnet  is  greater  if  the 
number  of  heKcal  turns  be  increased.  Usually,  therefore, 
in  practice,  several  wires  are  soldered  together  at  either 
^*  ^^'  extremity,  as  represented  in  the  following  woodcut  (Fig. 

62).     In  all  these  instances,  the  circumstance  will  not  fail  to  have  been  noticed  that  the 
magnetic  power  is  developed  at  right  angles,  or  tangenti- 
cally  to  the  direction  of  the  passing  electric  current. 

Voltaic  Conducting  Wires  are  thetnselves  Magnetic. — 
If  a  wire  conducting  voltaic  electricity  be  brought  in 
proximity  to  iron-filings,  it  attracts  the  latter  just  as  a 
magnet  would  do ;  thus  begetting  a  strong  a  priori  assump- 
tion that  such  conducting  wire,  for  the  time  being,  is  itself 
magnetic.  Now,  if  the  assumption  be  well  founded,  of 
course  it  should  exercise  the  usual  influences  of  attraction  ^^*  ^^' 

and  repulsion  when  a  freely-poised  or  freely-susi)ended  magnetic-needle  is  brought  into 
its  vicinity.  Such  influence  is  found  to  be  manifested ;  and  thus  we  shall  presently  see 
that  all  the  hitherto  anomalous  tangential  influences  are  lucidly  explained.  Firstly,  let  us 
not  discard  the  illustration  presented  by  the  attraction  of  iron-filings  with  the  conducting 
wire,  without  deducing  from  these  phenomena  an  important  corollary. 

Assuming  A  B  (Fig.  63)  to  represent  such  a  wire,  and  assuming,  as  is  really  th6 

fact,  that  the  iron-filings 
are  attracted  all  round  the 
B  surface  of  the  wire,  it  is 
evident  that  the  magnetic 
polarity  is  developed  in 
lines  at  right  angles  to  A  B 


d 
Fig.  6a. 

— ^that  is  to  say,  in  the  direction  of  cd;  whence  it  follows  that  such  conducting  wire 
is  a  magnet  at  right  angles  to  its  length. 

This  point  is  very  strikingly  illustrated  by  the  following  contcbraws^  \ — -"L  C!»  v;^\%.  ^"^^  \ 
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are  respectively  plates  of  zinc  and  copper,  communicating  with  a  wize  in  such 

that  a  current  of  electricity  passing  from  ^wm*  plate  to  the  other 
must  necessarily  pass  along  the  wire.  Now,  tiie  instrmnent 
here  represented  may  be  caused  to  swim,  hy  •mfmna.  of  a  coik- 
float,  in  a  basin  of  dilute  acid,  when  it  becomes  an  actire 
Toltaic  combination;  and,  inasmuch  as  the  liquid  eapport 
admits  of  the  free  motion  of  the  instmineiity  allowing  it  to 
turn  in  any  direction,   the  vertical    plane  cut   by  t^  wire 

ring  should,  provided  magnetism  be  developed,  assume  the  direction  of  the  magnetic 

meridian,  i.e.  north  and  south.     This  it  is  found  to 

do— again  illustrating  the   proposition,  and  more 

plainly  than  before,  that  a  wire  conducting  voltaic 

electricity  is  magnetic  at  right  angles  to  its  long 
Not  only  does  this  remark  hold  good,  but 


Fig.  64. 


the  two  magnetic  polarities  have  a  definite  rela- 
tion to  the  transverse  section  of  the  wire ;  one 
definite  side  of  the  plane  always  pointing  north, 
whilst  the  other  necessarily  points  south.  If  the 
conducting  wire,  instead  of  being  bent  into  a  mere 
ring,  be  twisted  helically,  as  represented  in  Fig.  65,  the  magnetic  conditiaBS  developed 
will  be  still  more  evident. 

This  was  a  form  of  wire  devised  by  Amperd,  for  the  purpose  of  demonstrating  the 
magnetic  character  of  wire  in  the  act  of  transmitting  electric  currents.  The  forms  of 
apparatus  in  question  may  be  delicately  suspended  or  converted  by  means  of  pieces  of 
cork  and  metdlic  plates  into  floating  arrangements.  Thus  arranged,  the  fiat  stands  will 
always  arrange  themselves  in  the  direction  of  north  and  south ;  one  definite  side  of  fiie 
coil  always  corresponding  to  one  invariable  direction  of  the  electric  cuirent.  In  oonfiff- 
mity  with  principles  already  enunciated,  each  coil  of  the  flat  helices  may  be  regarded  as 
a  separate  magnetic  pole. 

If,  now,  we  carefully  investigate  the  law  of  this  developed  magnetism,  by  means 
of  a  freely-poised  magnetic-needle,  it  will  at  a  first  glance  aprpear  to  be  altogether 
anomalous.  Thus,  if  a  voltaic  conducting-wire  be  held  in  sac- 
cessively  different  relations  to  a  magnetic-needle,  the  needle  will 
seem  to  be  deflected  according  to  no  recognisable  rule ;  but  further 
examination  demonstrates  not  only  the  existence  of  a  law,  bat  demoo- 
strates  the  seemingly  irregular  motions  to  be  still  doe  to  the  ope- 
ration of  the  tangential  force  already  described. 

The  following  simple  rule  will,  under  all  circumstances,  serve  to 
fix  the  direction  of  the  polarity  of  a  magnet  developed  by  electrical 
agency  in  the  mind : — Let  the  reader  assume  that  he,  himself^  is 
the  electrical  conductor;  that  the  one  fiuid  theory  of  electricity  is 
adopted;  and,  finally,  that  the  current  passes  in  at  his  head  and 
emerges  at  his  feet.  Let  him  now  conceive  that  he  holds  in  his 
hand,  and  directly  in  front,  a  freely-poised  magnetic-needle,  under 
which  circumstances  the  north  pole  of  the  magnet  would  always 
Fig.  66.  be  deflected  towards  his  right  hand.     In  accordance  with  these  £ek^ 

and  in  illustration  of  them,  the  following  diagram  (Fig.  66)  has  been  devised.     It 
is  a  soldier,  who  holds  a  musket  in  his  hand;   the  bayonet  of  which  musket  is 
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assumed  to  stand  for  ^ib  north  magnetic  pole.     Supposing,  them,  a  current  of  electricity 
to   pass   in   at  bis    head,    and 
■  emerge  at  his  feet,  the  bayonet 
would    invariably    be    directed 
towards  his  right  hand. 

We  have  next  to  consider  the 
.effect  of  causing  an  dbectric 
ourrent  to  encircle  a  £:eely-siu- 
pended  magnetic-needle  in  a 
plane  coincident  with  its  axis,  as 
represented  in  the  accompanying 
diagram  (Fig.  67).  Eeflection 
om  the    circumstances   of  this 

case  wlU.  render  manifest,   that  Hg.  67. 

each  part  of  the  wire  thus  arranged  will  tond  to  produce  the  same  general  result — 
namely,  deflection  of  the  needle  to  a  position  at  right  angles  to  the  yertioal  plane  in 
which  the  wire  lies. 

If  instead  of  one  turn  the  wire  be  caused  to  encircle  the  magnetic-needle  twice  (Fig. 

68),  then  the  needle  will  bo  deflected  with 
an  energy  double  that  effected  by  the  pre- 
Tious  combination;  and  generally  in  pro- 
portion as  the  number  of  coils  is  greater,  so 
will  the  deflecting  power  be  more  con- 
siderable. 

On  an  appreciation  of  these  principles 
depends  the  instrument  termed  the  galva- 
nometer, which  teaches  the  force  of  a  voltaic 
current  in  motion,  by  causing  a  deflection 
of  a  greater  or  lesser  axis  of  the  suspended 
magnetic-needle. 

The  galvanometer,  in  its  simplest  form,  is 
given  at  page  277,  Fig.  30.  It  will  be  seen 
to  be  nothing  more  than  a  close  meehamcal  adaptation  of  the  principles  developed  in  the 
two  preceding  operations.  By  increasing  the  number  of  coils  in  a  galvanometer,  it 
necessarily  follows  that  its  power  of  deflecting  a  suspended  magnetic-needle  win  be  in- 
creased also.  Accordingly,  delicate  galvanometers  are  always  formed  with  a  compoimd 
coil,  and  are,  moreover,  covered  by  a  glass  shade,  as  represented  at  page  277,  Fig.  81. 

In  all  these  experiments  I  have  assumed,  for  the  salce  of  not  complicating  the  matter 
needlessly,  that  an  ordinary  single  magnetic-needle  has  been  employed.  The  use  of 
such  a  needle,  however,  is  attended  with  this  important  disadvantage, — ^namely,  the 
earth's  magnetic  tendency  is  a  force  to  be  overcome  by  the  magnetic  energy  artificially 
established.  For  example,  the  tendency  is,  as  we  have  constantly  seen,  that  a  freely- 
poised  magnetic-needle  shall  place  itself  at  right  angles  to  the  directian  of  a  passing 
electrfc  current.  If  then  the  electric  current  should  be  caused  -to  jmss  in  the  direction  of 
north  to  south,  tlie  magnetic-needle  should,  in  accordance  with  the  principles  developed, 
arrange  itself  east  and  west.  Such  is  the  tendency,  and  such  is  the  direction  the  mag- 
netic-needle woTild  assume,  provided  tho  voltaic  current  be  sufficiently  powerful ;  but  it 
is  not  difficult  to  conceive  a  case  where,  the  electric  cmreiit  \i«m.'^  ^«fiK-k  ^'i  -wsiaas»ii\ 


Fig.  M. 
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directive  tendency  of  the  needle — 1.#.  corth  and  south — in  obedieiwe  to  the  eartii'i  mag* 
nctic  influcnoG,  flbould  OTerpower  it.  To  obviate  tliis  iitterferencc,  the  astatic  needle  lua 
been  denied*    The  oatatic  oj^edle  may  be  described  as  being  a  double  ma^rietic  comH- 

1^' — '-        ■    f  ""■ "  ■  -    c     tkfltioii  of  two  nc^es  mounts  on  one  pivot,  tile 

5—  ^  fl     north,  pole  of  one  needle  being  opposed  to  tiu 

,g.    ^  louth  pole  of  tbe  other,  us  in  Fig.  69. 

If  tite  two  roagnetfl  be  of  osactly  equal  poW] 
Ihen^  Gvidcntlyi  the  compound  iitstrament  would  pofBess  no  natural  dijisettve  tendency,  hi 
practieCf  thia  absolute  balancing  of  forcei  ia  tmdtsfibrable ;  thanalbrB,  usually  one  of  the 
needles  ia  lather  stronger  than  tho  ether,  m  that  the  idightest  possible  amount  of  difBO 
tive  tendency  may  be  maintaioed. 

Cuf^e  of  the  IHrfcHw  Thnim^  of  ihfi  M^nHk-Xe^dU. — The  oxperimonts  already 
deAcribtid,  aud  the  prineiple«  deduced  from  them,  furnish  a  Tuttoiml  explanation  of  t!ie 
directive  tendency  of  tho  mognetic-necdle.  Firstly,  it  is  granted  that  any  variation  of 
tempemtUTC  always  develops  a  current  of  elcetricity.  This  propositioti  the  reader  wiU 
ftoeept  03  authority  for  the  present  \  but,  hereafterj  under  the  head  of  electricity,  thfl 
demonstration  will  be  mode  plain.  Secondlyj  it  is  granted  that  wherever  there  ia  m 
eli?«tric  current  set  up,  IhoTO  will  olwaya  be  a  mag- 
netic energy  developed  at  right  angles  to  the  electric 
cujTent.  If  wo  now  assume,  as  the  proximate 
cause  of  the  magnGtic*ne&dlo's  north  and  soiith 
direetlve  tendency,  that  it  does  so  beeause  the 
earth  itself  is  a  magnet  in  the  diri-etion  of  north  and 
south,  we  hare  only  to  discover  the  cause  of  an 
electric  curr«jnt  at  right  angles  to  this  dirt^ction,  and 
the  mystery  is  e^lained,  Kow  it  is  evident  that 
our  globe  is  diumally  heated  in  the  direction  of 
east  to  west  by  the  sun'a  rays ;  wheais!,  according 
to  the  result  of  artificial  eotperiments,  there  ahould 
al&o  exist  an  electric  current  in  the  same  direction ;  y.  ^  j^ 

and,  this  being  bo,  the  earth  itself  bopomcs  a  vast 
magnet,  the  one  pole  of  which  is  northern,  and  the  other  southern. 

In  iUustrfttion  of  this,  the  following  experiment  bas  been  devised : — ^A  hoUow  paper 
globe  (Fig,  70)  has  been  lined  intenmlly  ^ith  a  revolving  copper  wire,  so  arranged  that 
it  ahonld  serve  as  an  electrical  eonduct<tn  If  eleotrieity  be  leased  through  thie  copp$r 
wire,  and  a  &ie*ly-poised  magnetic-noedle  be  placed  in  various  sueceaaiTe  positions  m 
its  surface,  all  the  variations  of  deiectlon  and  dip  which  naturally  oocur  may  be  indir 
cated  in  the  clearest  manner  imagiiiable. 

3>lap-iaag]k«UsBi.— For  a  long  time  it  was  imsgincd,  and  even  in  this  day  the  idea 
is  piipularly  entertauied  that  iron  alone,  of  *J1  bodies,  ia  suscepLibie  oi  mognetiam. 
ExiJcrimt-ntc^ra  eventually  admitted  that  the  metal  nickel  participated  with  iron  in  tlw 
property  in  question,  and  the  notion  began  to  be  entertained  that  yet  other  bodi^ 
might  be  iiv,duded  in  the  same  category.  It  was  by  no  means  easy,  howevea-,  to  nubjeet 
the  opinion  to  tho  teat  of  experiment,  considering  the  known  difficulty  experience  in 
bamshing  every  trace  of  iron  from  the  matetiak  operated  upon,  Magneticians  even 
argni>d  that  the  magnetiam  of  nickel  might  be  only  apparent,  the  quality  being  attri- 
butable to  the  presence  of  iron.  At  loigth  M.  Biot  set  these  doubts  at  resst  definitivelf. 
fle  eauscM]  some  ni«i.€i  to  be  ftted  from  all  ti^ees  of  iron  by  that  distingniahed  cheMiiit 
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M.  Thenaid ;  he  then  canned  magnetic-needles  to  be  made  of  this  nickel ;  he  not  only- 
determined  the  existence  of  their  power  of  attraction,  but  their  polar  directiYe  ten- 
dency ;  and  he  finally  discovered  the  ratio  of  their  polarity  by  comparison  with  an 
ordinary  steel  magnetic-needle.  On  the  result  of  his  inquiries  he  established  the  fiEU^t, 
that  the  directiye  force  of  the  nickel  was  about  one-third  of  that  of  the  steel  needle. 
The  needles  with  which  he  conducted  his  experiments  were  eight  inches  in  length  by 
two-tenths  of  an  inch  wide,  and  the  weight  of  each  was  about  five  grains.  M.  Cavallo 
followed  in  this  line  of  demonstration,  by  proving  that  other  substances  besides  nickel 
were  susceptible  of  ordinary  magnetism — ^brass,  for  instance ;  especially  brass  rendered 
hard  by  hammering. 

The  term  ordinary  magnetism  requires  to  be  explained,  and  the  explanation  will  at 
once  introduce  the  phenomena  of  dta-magnetiam.  The  property  of  being  subject  to 
magnetic  influence  long  known  to  be  manifested  by  iron,  and  subse- 
quently proved  to  be  participated  in  by  nickel  and  brass,  is  perhaps  uni- 
versal ;  but  the  kind  of  influence  differs.  Assimiing  iron  to  represent 
the  normal  kind  of  influence,  let  us  consider  what  takes  place  if  we 
suspend  a  needle  of  that  metal  in  what  is  called  the  magnetic  field — 
namely,  the  space  between  the  two  extremities  or  poles  of  a  horse- 
shoe magnet.  Under  these  circumstances,  the  iron  needle  would 
assume  what  is  termed  an  axial  position,  one  end  being  attracted  to 
the  north  pole,  the  other  end  to  the  south  pole  of  the  horse-shoe 
magnet,  as  represented  in  the  annexed  diagram  (Fig.  71).  Fig.  71. 

Now,  M.  Cavallo  committed  the  following  important  mistake : — ^He  fancied  that  he 
had  demonstrated  all  the  bodies  proved  by  him  as  being  magnetically  endowed,  to  be 
magnetic  in  the  same  sense  as  iron  and  nickel  are  magnetic ;  that  is  to  say,  that  sup- 
posing a  needle  of  either  of  these  bodies  to  be  suspended  in  the  magnetic  field,  one  end 
of  the  needle  should  be  attracted  towards  the  north  pole,  the  other  end  to  the  south  pole 
of  the  magnet.  If  such  were  the  case,  the  function  now  to  comiB  under  notice  as  the 
fimction  of  dia-magnetism  could  have  no  existence.  Before  entering  more  into  detail 
concerning  the  properties  and  functions  of  dia-magnetism,  it  must  be  premised  that  the 
position  which  an  iron  needle  naturally  assumes  when  hung  in  the  magnetic  field  is  said 
to  be  an  axial  position,  or  it  is  said  to  arrange  itself  axiaUy,  If  it  were  to  assume  a 
position  at  right-angles  to  the  same,  its  position  would  then  be  described  as  being 
egttitorial.  Now,  M.  Cavallo  believed  that  all  bodies  endowed  with  a  magnetic  tendency, 
in  any  degree,  would  manifest  that  tendency  by  assuming  the  axial  position  when  freely 
suspended  between  the  poles  of  a  horse-shoe  magnet.  This,  as  I  have  already  remarked, 
is  an  error :  some  bodies  arrange  themselves  axially  under  these  circimistanoes,  and  are 
therefore  said  to  be  magnetic ;  whilst  others  arrange  themselves  equatorially,  and  are 
said  to  be  dia-magnetic. 

The  knowledge  of  dia-magnetism  may  be  said  to  have  originated  with  Becquerel, 
though  Coulombe  and  the  Abbfe  Haiiy  had  both  laboured  in  the  same  direction.  The 
investigation  has  been  followed  up  with  great  ardour  by  Professors  Faraday  and  Tindall 
in  England,  and  Professor  Pliicker  of  Bonn,  to  whose  published  papers  on  this  subject  I 
must  refer  the  student  who  desires  further  information  relative  to  dia-magnetism  than 
accords  with  the  nature  of  this  treatise.  It  must  be  remarked,  however,  that  when  bars 
are  made  of  different  substances,  and  submitted  to  the  influence  of  the  magnetic  field, 
those  of  iron,  nickel,  and  cobalt,  point  axially :  most  probably  those  of  titanium,  palla- 
dium, and  platinum,  are  in  the  same  category ;  but  needles  of  all  <sVk<est  Tb&\»^  ^as^isssL^ 
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Um  MtiuMVfriMl  dixvctuA  in  the  magBctie  ftdd,  tad  an  ikenian  €iw  mmgrnrUr    The  fA- 
k/«rvi|(  1dl«l«  prwmto  ft  litl  of  mafiietk;  and  dia  ■■piHk  bodies: — 

M AiiiricTic  Bourn,  JhA-HAannc  BimT— . 

Inm  Cerinxn  Kanixth  CSadminm.    SUvcr      UrmrBm 

Ni<;kfil  Titanium  Antimoiij  Sodhnn       Copper     Bhodiimi 

CiAtfiii  Palladium  Zmc  Mercmj      Gold         Izifinm. 

Mtttif^nfrao    Tiatinum  Tin  Lead  Anenic    Tungsten 

CAirtfttiinm     Osmium 

From  n  (umnidcruilon  of  the  preceding  remarks,  it  will  be  obseryed  that  tbe  fimetioBi 
of  hrat,  uiatftuiiAuuit  and  eUjctricity  are  intimatelj  allied,  more  especiallj  the  two  ktter. 
luNUiad,  Ui<'r(tf(;n!,  of  entering  up<m  the  discussion  of  meteorologio  phfm/«yMmf^  due  or 
ttttribiitrd  to  iiiufcuetism,  in  Uiis  place,  it  will  be  deeinible  to  pseaent  tba  leador  vidii 
Hhot't  i'xiN>Nition  of  electrical  scien(!e  and  phenomena. 

81«Otsioity«  —Dt^nition  and  Derivation  of  Term,, — ^Tbe  term  elaotzicity  is  ig^^lied 
to  roit)))ri'lu'ii(l  a  Iiitki*  cIush  of  x>honomena,  which  are  related  in  yarious  wsyn  with  the 
opctratioit  of  un  inviHiblo  force,  tu  which,  founded  on  flfpeculatiye  conaideEatioos,  the 
Ap)»oUiitioii  electric  fluid  has  boen  given;  not  that  such  fluid  can  be  proved  to  exist,  oi 
tlmt  iiviMi  it  is  at  this  tiuio,  by  the  majority  of  philosophers,  supposed  to  exist,  although 
for  tho  suko  of  uonvuniunco  in  illustration,  the  expression,  electric  fluid,  is  still  popukdy 
n«tiiiuo(l. 

Tho  H(*ionoo  of  olootririiy  is  one  of  the  most  recent;  nevertheleaB,  the  piimazyphe- 
noinoim  on  which  tlio  scimico  is  based  are  of  very  ancient  date.  Theopljrastas  snd 
riiny  wi«)v  awarv  tlmt  tho  substance  amber,  if  rubbed  with  silk,  flannel,  Ac,  becsiae 
(tndowtHl  wiUi  tlio  ]u\>p('rty  of  iuduoncing  the  motions  of  certain  li^pht  bodies,  an^aa 
iiHlthol1^  nttinoting  thom  under  certain  circumstances,  and  repdling  them  under  otiier 
riiv\imit(Auoo« ;  hut  tlioro  tho  im-estigation  of  this  class  of  phenomena  ended.  About 
tlio  tnitUUt>  \>i  Uio  hut  ivntur)',  however,  tho  subject  was  returned  to,  reoommeneiiig 
(Wmt  tho  iittuliu^|Hm\t  of  ThtHipIirastus  and  Pliny;  and  firom  the  simple  &ct  of  the 
)HHnihtur  oxvitatiiui  of  amU^r  uudox  certain  circumstanoea  of  treatment,  to  build  19  the 
iutoiNittiixit  Aud  iui)HmaiU  soionoo  now  known  as  that  of  electrici^. 

/Vf<«y;<7«4Mi'*#r  «*/'  li!¥<ft^'itjt, — ^Tho  tiist  de\vli^mcnt  of  eleotridtj  waa  acconqpliflhed  by 
l)u^  i\in\iixvn  t^  ^mo  )MirUoulur  substanco — amber,  as  we  hare  seen;  but  when  the 
attv)\tiv\M  \\(  msvlom  i\luUv^^phox»  wa»  diivetcd  to  the  science,  they  soobl  found  that  amber 
«M\)^v  t^ui\iAb«^l  x^nc  |V{uruoulAr  I'^u^i^k^  v^  a  ix'juU  fiir  nMH«  genenL  Many  atJaex  bodies,  in 
additJtx^u  tv^  au)bo^\  \kxv«^  di5K.v\vrx>i  which,  on  bein;  auhmittel  to  finctian,  became 
<'^v;4k>a;1>  o^«>ii(<NU  ^vr  chvlricAl;  and  to  theso  the  geneni  tenm  tittiiu.M  waa  given. 
Ku)ib*'m)xN«v^  a  >»;!»  di^^vxx^jvd  ;hji;  tho  Kvik»  thus  oapahL^  oiT^leetzieal  excitation  were 
w,^!  xva^naW.^  of  *\v.^,\x^\;5V<  Ax»  Av  o*xv:r,*^;;v ;  wl:<'niv  Oier  wore  abo  eaUed  mm-eanduetois 
«M'  04.VUWIU.  i^rvNAt  a.<  >k;Mi  tho  ai^nuiAC'  thiB  maifr  on  th*  crade  i>i->rf«i^  of  Tkeo- 
)^ni^;'.wk  au^;  VV.v^«  ii  i^'U  fju^  ^h.vr?  «^'  tho  vrnth*  m.\kfa  dNiziciBaB  harin^  ptared  thst 
\^v  yvna)  ,st  f,;;u  ;),^v*^  ^^«-w«i«v  ^.;>«i.$^  bor«r\v:i  <v«^iniC«aBs  aasd  nim  rmnMhicioiB,  only  s 
oh^^^'^v.v  .\;  ^."^fix^^^  wv\(»i>^^,":xC>.  >v\b^  c,^  Xk4  ji^bui  oif  dixiaaai  nio  t^  dasses  of 
«^.v.)-^\*^v^v„'V,'^  A'^il  A^<^',,h)«i*^c^  ox^l7<  '^  a  «v-iQT^ex3MBi^  seasa.  mad  as  a  mtter  of 
^^^>va'  A^xv'^^vtfKW    VS^TUBwi::^;:^-  ^^"Y  C^assruir^i  ^  ;^  pNQSMtT  d  tlas  Tiew  vill 

ii  A^ttM^^:)^'^  )>».'  ifflvan;^  «!.  m^MJ^  «hr  ^^v^juar  ^jocsmoal  snirffhTiir  k  ia«BAe<  meT&^ 
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theless  it  is  only  one  cause,  and  perhaps  the  least  important,  of  those  idiich  the  meteor- 
ologist has  to  take  cognizance  of  as  coming  within  the  scope  of  his  seienoe.  It  is  diffi> 
cult  to  say  what  alteration  of  matter,  chemical  and  mechanical,  is  umOtmided  by  the 
developmient  of  electricity.  In  all  probability  there  is  none  of  this  hind,  though  it 
happens  that  in  most  cases  special,  and  sometimes  very  refined,  oontrivances  as«  neces- 
sary for  rendering  electrical  excitation  evident.  A  notable  illustration  of  this  is  ftir- 
nished  by  the  hydro-eleotrijc  machine,  familiar  now  to  many  people  by  its  exhibi- 
tion at  the  Polyteohnic  This  machine  constitutes  the  most  powerful  instrument  ft>r 
deyeloping  electriciljy  by  artificial  means  known ;  yet  if  the  glass  legs  on  which  it 
stands  were  removed,  the  instrument  would  become  inoperative,  and  the  existence  of  all 
the  vast  force  of  electricity  which  it  generates  would  remain  imknown. 

Having  premised  these  general  remarics  concerning  electricity,  it  will  be  desirable 
now,  before  taking  cognizance  of  the  operation  of  this  force  in  nature,  to  present  the 
student  with  the  fundamental  causes  ot  propositions  on  which  ^ti&  science  of  electricity 
depends.  In  doing  this,  I  shall  avoid,  as  much  as  possible,  having  recourse  to  the  elec- 
trical machine,  or  any  complex  electrical  arrangements,  which,  though  indispensable  to 
the  full  illustration  of  secondary  electrical  facts,  are  rather  perplexing  than  otherwise 
so  long  as  Amdamental  principles  alone  are  concerned. 

Definition  of  the  term  Electric. — Any  body  which  after  having  been  rubbed  acquires 
the  property  of  attracting  light  substances,  after  the  manner  of  amber,  is  an  eleotric. 

What  bodies  or  elass  of  bodies  are  Electrics  f — Inaonuch  as  the  act  of  friction  wiU  be 
involved  in  our  experiments  having  reference  to  this  demonstration,  it  necessarily  follows 
that  only  one  physical  division  of  bodies — namely,  solids — admit  of  being  readily  sub- 
mitted to  our  notice ;  for  though  liquids  and  gases  can  be  subjected  to  friction,  yet  the 
contrivances  for  effecting  this,  consistent  with  the  requisite  electrical  demonstrations, 
are  so  complex  that  they  cannot  be  taken  cognizance  of  at  pres^it. 

I  shaU  assume  that  our  present  observations  are  limited  to  three  bodies — glass, 
sealing-wax,  and  a  metal ;  each,  for  convenience  of  manipulation,  ikshioned  into  the 
form  of  a  stick.   I  shall  assume,  moreover,  that  the  rubbers. 
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or  body  wherewith  friction  is  effected,  are  of  flannel  and  of 
silk.  By  the  employment  of  these  simple  materials  some 
important  results  will  be  arrived  at. 

Experiment  I. — If  the  stick  of  sealing-wax  be  briskly 
rubbed,  and  held  at  some  distance  (not  too  far)  from  a  sus- 
pended feather,  represented  in  Fig.  72,  the  latter  will  be 
attracted  towards  the  sealing-wax — will  attach  itself  to  the 
latter :  but  the  attachment  will  not  be  permanent.  After 
a  time  it  will  leave  the  sealing-wax,  and  be  repelled. 

Experiment  II. — If  the  previous  operation  be  repeated 
with  a  stick  of  glass,  the  feather  will  be  first  attracted,  and 
afterwards  repelled,  in  a  precisely  similar  manner  as  be- 
fore. Hence,  for  aught  we  at  present  see,  the  kind  of 
influence  developed  by  friction  on  glass  is  similar  to  that 
developed  by  friction  on  sealing-wax.  Fig.  72. 

Experiment  III. — ^Let  the  glass  rod  be  excited  by  friction,  and  held  near  the  feather 
as  before.  The  feather  will  necessarily  bo  first  attracted,  then  repelled.  If  the  rod  of 
sealing-wax  be  similarly  excited,  and  held  near,  the  feather,  which  has  refused  to  "b<i. 
further  attracted  towards  glass,  it  will,  nevertheless,  be  a.ttwjc\;G^  \.Qrw«s^  '^'^ 


d28 


CONDUCTORS  AND  NON-CONDUCTOmS. 


wax,  and  vice  vena.  This  experiment  demonBtrates  that,  irhaterer  be  the  Baton  of 
electricity,  this  force  is  siuceptihle  of  two  manifestations :  it  is,  in  pcnnt  of  tut,  a  Aud 
or  polar  force,  similar  in  this  respect  to  magnetism.  It  admiti  of  being  demon- 
strated that,  in  either  of  the  preceding  experiments,  the  mbber  or  body  wberewidi 
friction  is  excited  always  assumes  an  electrical  polarity  di£ferent  to  fJmt  of  the  bodj 
rubbed. 

Dengnation  of  the  two  EUetrie  Statet.' — As  the  two  polarities  of  magnetie  eneigjr 
are  designated  respectiyely  north  and  Bouth,  without  '^x^ch,  or  some  eqniTalent  de- 
signation,  it  would  be  impossible  to  describe  the  peculiarities  of  magnetic  phenomena; 
so,  in  like  manner,  it  will  be  necessary  to  designate  the  two  electrical  functions  slready 
proved  to  exist.  Accordingly,  the  terms,  positive  and  negative,  or  Titreoas  and  resinoos 
electricities,  have  been  long  employed.  The  words,  positive  and  negative,  bave  lefierenoe 
to  the  theory  of  Franklin,  that  all  the  phenomena  of  electricity  depended  npon  Ae 
operation  of  one  electric  fluid.  A  certain  class  of  electrical  phenomena  be  assumed  to 
depend  upon  an  excess  of  this  fluid — another,  or  opposite  class  of  pbenomena,  to  depend 
on  a  diminution  of  the  same.  The  first  class  of  phenomena  he  termed  positive,  tlie 
second  negative. 

The  origin  of  the  terms,  vitreous  and  resinous,  will  perhaps  have  been  anticipated 
from  a  consideration  of  the  teachings  of  Experiments  I.  and  11.  Glass,  it  bas  been  seen, 
when  nibbed,  gives  rise  to  the  development  of  one  function  of  electricity,  and  sealing- 
wax  of  another.  Now,  ^aas  and  sealing-wax  are,  in  this  respect,  only  the  types  of  all 
other  bodifiB» 

(hndueton  and  Nbn-Conductors. — Bcferring  to  Experiments  I.,  II.,  and  IIL,  three 
distinct  stages  of  electrical  condition  may  be  observed.  Firstly,  the  feather,  before  it 
has  been  subjected  at  all  to  the  influence  of  the  excited  glass  or  sealing-wax,  presented 
the  condition  of  electric  neutrality.  Secondly,  it  presents  two  conditions  of  ezcitemeni^ 
namely,  attractive  excitement  and  repulsive  excitement.  If,  whilst  the  feather  is  under 
either  of  the  latter  conditions,  it  be  touched  with  various  substances  successively, 
certain  important  results  will  be  observed.  If  it  be  touched  with  the  finger,  all  electri- 
cal excitation  will  be  at  an  end.  This  effect  is  best  demonstrated  by  touching  the 
feather  when  in  the  repulsive  phase  of  excitation.  A  similar  result  will  ensue  if^  instend 
of  the  finger,  the  excited  feather  be  touched  with  any  metal  or  wood,  or  one  of  nnmerons 
other  bodies  to  which  the  term  electrical  conductor  is  Mwentionally  applied — ^I  say  cm- 
venfionally,  because  the  circumstance  has  been  already  indicated  that  the  distinction 
between  conductors  and  non-conductors  is  purely  one  of  degree,  not  of  kind.  Never- 
theless, in  practice  it  is  useful  to  divide  bodies  into  electrical  coodnctors,  and  electrical 
non-conductors.  A  table,  representing  this  division,  is  appended.  The  terms  non- 
conductor and  insulator  are,  it  is  necessary  to  obeerve,  synonymous. 

coxnucnxQ  bodies,  piaced  m*  the  obder  of  theib  ooNDucriNa  powsr. 


All  the  metals. 
"Well-burnt  carbon. 
Plumbago. 
Ooneontrated  acids. 
Dilute  acids. 
Snlino  solutions. 
MotftUio  ort»s, 
Aniniul  fluids. 
i^  wtiU^r. 


Spring  water. 

Rain  water. 

Ice  above  13^  Fah. 

Snow. 

Living  vegetables. 

Living  animals. 

Flame. 

Sm(^e* 


Vapour. 

Salts  soluble  in  water. 
Barefied  air. 
Vapour  of  alcohol. 

M      of  etber. 
Earths  and  moist  rocks. 
Powdered  glass. 
Flowers  of  sulphur. 
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INSULATZNa  BODIES,  PLACED  IN  THE  ORDEE  OF  THBI&  INSUIATINa  PAOULTT. 


Dry  metalHo  oxades. 
Oils  (the  lieaYiest  are  the 

beat). 
Ashes  of  vegetable  bodies. 
Ashes  of  animal  bodies. 
Many     dry    transparent 

ofystais. 
loe  below  13''  Fah. 
Phosphorus. 
Lome. 
Dry  challL 

Katrre  carbonate  of  baryta. 
Lycopoditiin. 
Caoutchoac. 


Camphor. 

Some  silicious  and  aigilp 

laceous  stones. 
Dry  marble. 
Porcelain, 

Dry  yegetable  bodies. 
Wood  thathasbeen  strongly 

heated. 
Diy  gases,  and  air. 
Leather. 
Parchment. 
Dry  paper. 
Feathers. 
Hair,  wooL 


Dyedailk. 

White  sUk. 

Bawsilk. 

Transparentpreciousstones. 

The  diamond. 

Mica. 

AH  TitofftctLons. 

Glass. 

Jet. 

"Wax. 

Snlphnr. 

The  resins. 

Amber. 

Gumlao. 


Gatta-percha  is  one  of  the  most  perfect  instdators,  but  its  exact  place  in  the  aboye 
table  is  yet  undetermined. 

The  terms  eondtsction,  fum-oondudum,  insulaiumy  and,  indeed,  most  other  terms  of 
^ectrical  science,  have  reference  to  the  idea  of  an  electrical  fluid  or  fluids ;  and,  indeed, 
however  much  we  are  constrained  to  refuse  our  sanction  to  the  probability  of  the 
existence  (^  sudi  fluids,  nevertheless  we  cannot  proceed  fiEur  in  eleotdcal  investigations 
without  recognizing  the  convenience  of  many  terms  suggested  by  the  assumption. 

Division  of  Bodies  into  Electrics  and  Non-deeiries  untenable, — If  the  experimenter  try 
to  render  a  bar  of  metal  electrical,  as  he  succeeded  in  rendering  a  bar  of  sealing-wax 
and  of  glass  respectively  electrical,  he  woidd  not  succeed.  The  earlier  electricians, 
having  noted  this  result,  termed  the  metals,  and  indeed  aU  conducting  bodies,  non- 
electrics  ;  but  if  the  conducting  ]^perty  of  l^e  hand  and  of  metals  be  ccmsidered,  this 
division,  so  arbitrarily  made,  cannot  fail  to  seem  premature.  Ko  legitimate  conclusion, 
as  regards  the  electric  or  non-electric  property  of  bodies,  can  evidently  be  arrived  at 
until  the  body  rubbed  has  been  held  by  a  non-conducting  handle;  for  otherwise,  even 
though  electricity  should  be  excited,  it  would  readily  pass  away.  If  the  experiment  of 
rublHug  a  metallic  bar  be  tried  after  such  bar  has  been  provided  with  a  non-conducting 
handle,  it  is  rendered  electrical,  its  electrical  excitation  being  made  evident  by  the  usual 
tests  of  attraction  and  repulsion.  In  conducting  experiments  of  this  kind,  very  satis- 
£ictory  insulating  handles  may  be  made  by  enveloping  one  end  of  the  bar  to  be  operated 
on  witii  a  piece  of  gutta-percha,  previously  warmed  by  the  fire,  or  softened  by  dipping 
into  boiling  water.  The  gutta-percha  should  be  wrapped  round  and  about  the  extremity 
of  the  bar,  and  trimmed  whilst  yet  warm  by  a  pair  of  wet  scissors. 

Induction, — ^In  strict  propriety  of  language,  no  one  electrical  function  or  set  of 
functions  can  be  referred  exclusively  to  induction.  Electricians  of  the  last  century 
were  in  the  habit  of  thinking  dLfFerently ;  they  spoke  of  induction  as  if  it  were  a 
function  that  might  be  exercised  at  will,  whereas,  in  point  of  fact,  no  such  exclusive 
electrical  function  exists. 

If  an  insulated  conductor,  charged  with  either  condition  of  electricity,  be  brought 
near  to  another  conductor ;  the  second  conductor,  if  examined,  will  be  found  to  be  in 
the  opposite  electrical  condition,  which  condition  was  sure  to  be  induced.  The  term 
induced,  though  still  employed,  conveys  a  very  di£Berent  meaning  to  that  formerly 
accepted;  but  a  discussion  of  this  point  is  hardly  consonant  with  the  requirements  oX, 
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this  treatifle;  whcrciorc  I  must  direct  the  reader  who  would  know  more  conoenuiigitto 
the  Tolome  of  this  scries  on  Chemistry. 

Electrical  Generalizations. — In  the  few  remarks  ob  the  imponderable  aginti  atmtf 
made,  it  is  not  proposed  to  present  the  reader  with  more  than  a  fiunt  outtiiie  of  fhor 
general  nature  and  correlations.  All-imx>ortant  though  they  be  to  a  meteorologist^  Ihtt 
importance  is  paradoxical,  though  the  statement  may  serve  as  a  sufficient  justifica- 
tion for  treating  very  casually  on  them  in  a  treatiie  like  the  j^reseiit.  The  objects  of 
meteorology  are  so  numerous,  and  its  topics  so  raried,  that  to  devote  more  apace  to  t 
consideration  of  the  imponderable  agents  would  be  injudicious.  Let  us  svmmazize,  thai, 
what  has  already  been  remarked  concerning  them,  so  £ur  as  relates  to  the  sntjeet  of 
meteorology.  Probably  light,  heat,  electricity,  and  magnetLsm  are  all  effects  of  oat 
cause,  differently  modified.  Between  heat,  electricity,  and  magnetism  the  alliance  is 
marked ;  so  is  the  alliance  between  light  and  heat. 

Electricity  is,  perhaps,  the  most  stupendous  imponderable  agent  with  which  the 
meteorologist  has  to  concern  himself^  and  it  is  the  one  most  amenable  to  human  control 
Not  less  wonderful  than  the  energy  of  electricity  is  its  imiwersality :  not  a  drop  of 
water  can  bo  evaporated  by  the  sun,  not  a  current  of  water  can  flow,  not  a  leaf  can 
move  or  reed  bend,  not  a  breeze  can  skim  the  surface  of  the  earth,  without  developing 
this  wonderful  force.  Very  short,  indeed,  is  the  task  of  specifying  the  material  causes 
of  electrical  energy.  We  have  only  to  inelude  every  known  case  of  mechanical  motion, 
and  every  known  cause  of  chemical  action,  and  the  task  is  complete :  it  is  one  of 
universal  inclusion. 

In  discussing  the  meteoric  rdations  of  the  imponderables,  it  matters  litUe  with 
which  we  begin.  Already  certain  meteoric  functions  of  heat  hare  been  brought  coUik 
terally  imder  the  reader's  notice ;  I  purpose  now  considering  the  imponderable  ageotSy 
not  soeondarily,  but  primarily. 

Phanomena  of  Atmoapliexio  Refraction. — ^A  sketch  of  tiie  laws  of  rdraction 
has  already  been  given,  and  what  may  be  called  the  normal  function  of  atmospheric 
refraction  has  been  annoimocd.  Referring  to  that  announeement,  it  will  be  seen  ihst 
the  amount  of  rofhiction  is  duo  to  inequality  of  the  density  of  the  air,  determined  hj 
pressure  alone.  But  inequality  of  density,  and  therefore  inequality  of  refractive  power, 
may  be  the  result  of  varying  amounts  of  expansion,  referable  to  the  operation  of  varying 
degrees  of  heat;  and  thus  arise  what  may  be  termed  the  abnormal  effects  of  atmospbaie 
refraction. 

Every  one  must  havo  noticed  the  peculiar,  tremulous  condition  of  the  air  in  sum- 
mer-time over  an  ignited  brick-kiln  or  near  a  red-hot  bar  of  metal,  or  evea  on  the 
ffurfSEice  of  the  ground,  provided  the  weather  be  sufficiently  hot.  This  tremulous  appesr^ 
anco  is  rcforablo  primarily  to  the  expansion  of  air  near  a  hot  surface,  and  immediate^ 
to  the  diminished  rofhingibility  attendant  on  such  expansion.  These  local  sources  of 
heat  set  up  local  currents,  each  being  composed  of  air  of  a  different  density  from  that  of 
noiglibouring  currents,  whence  each  has  a  different  refractive  power.  That  which  an 
ignited  brick-kiln,  or  a  glowing  metal  bar,  can  accomplish  on  the  small  scale,  is  aoeom- 
pliahod  on  a  larger  scale  by  many  natural  causes,  giving  rise  to  phenomena  both 
striking  and  delusive.  Pictures  of  ships  and  towns  inverted,  the  yain  semblance  of 
lakes  of  water  in  the  midst  of  burning  sands  where  no  water  leally  exists,  aerial  eitiea. 
spectral  forms  of  men  and  animals. — all  these,  and  many  m(x%  are  the  phenomena  ef 
atmospheric  refraction  and  reflection. 

Ouo  of  the  most  common  effects  of  irregular  atmospheric  refraotien  la  the  twinkling 
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of  6i^  KtBxi.  THi  «ppeii«Di«  !■  stiietl j  oosfamublf  witk  all  the  teficMn^  of  theofy 
in  te^erence  to  tlt^  I&wa  of  i^BfiamiaEL,  and  ta  d^e  to  tlie  lifictuatioafi  of  TttiioiiilT-lupiate^ 
eiUTGiita  of  lif .  Wkai  ihsat  mzmll  amul  currciUs,  having  dtfiiei^eat  tetap^Btares^  are 
iitiJD£roii%  lad  weftdier  u  UJkdj  to  jrupenreiie ;  hen^e  sn  explaondoa  of  the  inct^ased 
twiDkliiig  of  stars  l»e£»T«  bftd  weuhter  ceti  in, — -a.  jhxsKsm&mm.  wludi  has  been  Tieiy 

Ejttmme  examples  of  tmoBiilkeru::  plii&n^meiii  xre,  for  the  most  put,  ^^T  ^^^™  ^ 
hot  dijtzBtes^  hul  there  they  sre  fireqtij^iL  Thf^  ii!iifag:e  is  wq  atrojoepherio  phcnotiiraioii, 
in  part  atttiUiLiblje  to  fe&iaetioe  nod  in  |Hrt  tc}  n^flectiQii ;  it  oocurs  in  Egypt,  and  gives 
nae  to  the  Impresaiaii  in  a  stnmgicf'i  miiud,  of  a.  lake  cif  tianqiiil  expand  of  water^  thou^ 
the  regiDii  is  only  a  w^osta  of  sand.  The  cxpliination  of  the  phenomenon  b  thj^i  t — -The 
Tillages  througkout  Lower  £§jpt  are  UMzaUy  huilt  on  eferatcd  mounds;  hence  the 
houdca  ar«  to  sQ>m&  ext^it  derated  ahove  this  general  krcl  of  th^  e«rtli,  vhich  lei-d 
l>ecomiiig  intea^y  hot)  imparts  heat  to  the  atoiosphcT^  plaecd  in  eonl^et  with  it,  and 
altera  the  refimctiT^  power  of  Ihat  portion  of  atmosphere.  An  optical  iUusioa  now 
gggiiftfr — the  lower  or  b^ted  atmospheiiC'  layer  as^nmes  a  tremnlons  appcaranee,  like  the 
surfaee  ot  a  lake,  on  which  the  images  of  the  bnildings  of  the  vilhige  are  iocn  reflLCled, 
wMLst  the  dxreet  image  of  the  Tillage  ia  Btill  eridfat  in  its  tzu«  position*  The  Egyptian 
mirage  ia  $0  doceptiTet  ihiLt  m  stEanger  seeing  it  for  the  first  time  can  liardlj  be  con* 
Tinced  thai  the  aemblance  of  water  is  only  an  optical  delusion.  The  tenn  mira^e^ 
pecidiar  to  India ;;  yet  the  phenomeooii  to  which  it  raleia  is  ooounon  in  ffijony  other  hot 
regions,,  esp^ially  in  Central  India  and  the  Sahara. 

Tho  risi2al  inrerdon  of  objects,  a  ph&nomeEia  not  it  all  nneommon  in  hot  plaees,  is 
partly  dnc  to  icfractioa  and  i»rtly  to  refleetion, — for,  in  point  of  fact,  the  function  of 
reflection  may  he  demonstrated  to  be  only  an  extn^no  case  of  refractian. 

The  itKsie  lb  «npposed  to  be  ahot,  s^idy  refion,  anda  date  palm  is  the  object  ae^i  inTeried, 
the  eiplanation  of  wMch  phenomenon  is  as  follows  t^ — The  eyes  of  the  observer  being  at  p, 
will  fiiat  see  a  dbect  imago  of  the  palm-tree  by  xays  which  come  straight  in  the  direc- 
tion of  the  line  kp;  simnllaSieonHly  he  will  see  an  inverted  image  of  the  palm-tree.  Let 
113  examine  how  this  happuns.  Eeferring  to  the  iUustii&tLonf  Hereml  parallel  lined  wHl 
ho  seen,  e  tf  if'  ^*\     These  are 

intended  to  denominate  atmos- 
pheric layen  of  dif!srent  aroofimta 

of  detiaity*     Tracing  the  ray  of 

light  h  i\  let  us  now  PiamiTift 

nrhat  becomes  of  it.     Firstly,  it 

impinges  on  the  upper  atmosphe- 
ric layer,  which  is  more  hot,  and 

consequently    more     expanded, 

than  the  next  layer  abore;  the 

ray  A  t  is,  therofore,  refracted 

frsm  the  porpendictilar,  according 

to  the  law  meotioncd  at  page  SU. 

Passing  on  to  the  next  layer,  it 

is  refracted  still  more  from  the 

perpendiewlarj  and  this  refractive 

gradation  is  repeated  on  the  ray  h  i"  tintil  it  arrives  at  m^  at  which  -potoXj  the  tendency  to 

fiy  fi-om  the  perpendi^nlar  stOl  remaining^  this  tendency  is  mamfcsted  not  ujods^'^iW  ' 
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cUiiuii  14' T^ tj^iftion  but  lu^Meetiy n i  ciuiiAcquentiy ,  thje  my  kmin diroct«d  tmrardA  the  eye  of  Uift 
ol>H^:Tver,  »nd,  along  with  ihia  other  fays  u|K:in  ^hkh  a  Bioular  tiperBtioa  ha&  been  eSectcdf 
givi  a  tma  to  the  appenranoo  of  an  ULTorted  object.  In  order  that  thi&  phenamenon  sboiM 
occur,  howeyer^  there  muit  be  the  fallowmg  oondltioiie  bo^dea  thoe<^  already  nKoitiaiied  :— 
Noi  only  must  the  aoLar  heat  be  eofrndembler  ^^^  ^  ^  muit  be  calm^  eo  that  the  leiwcf 
atmotephoric  hkyem  usay  jetain  4  dfosity  li^aa  conaidcmUe  tlutn  thA  den^ty  of  tikoae  abovi^ 
them. 

A%  tmnlGr  tho  peculiar  cbcumstaikccfl  ju^  mcntiom^  refiraetton  may  posa  mto  i^ec- 
tioti,  and  the  Tcfli^clion  may  be  ex  died  upwmt-da  ^m  faeloWf  bo  may  the  opefataon  W 
nere^Aed ;  ia  whkh.  cue  iju£  iirrerti^  inuigBa  of  tenostrial  ohj/eeiM  will  be  seen  in  the  air. 


Fig.  74. 


The  tselebtiatfld /ff^  mGr^na^  sometimes  observed  on  the  Calabrian  cosfit,  and  mcn« 
especially  at  Eeggio,  Is  a  colobmled  e.^Graple  ot  this  Icind,  At  cortam  times  the  whole 
city  of  Medina  njid  its  environs  are  reflected  dawnwsirdfl  from  an  iippor  etrntniiL  of  de 
air,  thus  presenting  an  appejirance  anffieienfly  curious^  hot  by  no  means  tlie  striJdog 
and  well-defined  uharat'ter  which  the  leoorda  of  early  travdlcra  woiild  lead  us  te> 
iuppoie. 

Tho  jKHTohition  between  atmoaphmc  refracticm  and  atmoapherio  reflection,  and^  at 
the  some  time,  m  ratim^U  of  the  peouliar  aerial  ridona  which  may  occur  in  oettam 
atraoapheric  statcjs,  is  furnished  by  the  diagram  (Fig.  75)  Buggjcsted  by  M,  Biot  Tb* 
llnii  *  i  ff  is  euppo«ed  to  be  a  ray  of  light  proceeding  from  *,  pasajng  thence  dowutwrfi 
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Fig^l^. 


to  the  point  t^  whence  it  is  reflected  to  the  ob&ervet'fl  eye  At  <f.  Now  th©  opticftl  con- 
didaos  of  tills  arrangem(?nt  are  svieh  that  any  rays  proceeding  from  fr  below  tlie  luy  ft  £  ^ 
represented,  would  ho  invigible  to  the  obsorvoi  at  e,  Trhilat  two  imagoa  will  be  seen  of  all 
ol^eots  aborc  tJiia  line,  Snppofiiig  the  object  in  question  to  be  a maH}^ — -suppoBe,  fiirtber, 
th&  man  to  tie  w^kinf  from 
the  obserrprj  he  would  be  pre- 
sented to  the  latter  under  the 
succeasiTG  £<xcm&  seen  m  Fig, 
7S. 

In  these  atmosphetic  opti- 
1^  delusions,  inrolvini^  the 
appearanee  of  two  unagea,  one 
of  thoni  inYerted^  both  natiiral  and  inverted  imagea  have  oocupiod  a  horizontal  plane. 
OecaMonally,  howercr^  the  reduplication  of  image  has  been  projected  on  vertical  plane&,  of 
whith  phenomenon  the  following  is  an  example.  On  June  17, 1820,  whikt  HM*  Soret  and 
Turine  were  in  the  second  atory  of  a  hotiSB  on  the  lake  of  Geneyai  they  loolced  towards 
a  ship  two  miles  off,  and  making  for  the  harbour,  Inunediately  the  Teasel  in  ques- 
tion arrived  at  q  ihe  appeared  xeduplicated  on  a  Tortical  pkne  j  when  ahe  came  to  r  the 
reduplicatioji  stiH  continiied,  but  the  second  image  waa  f  n rther  remoyed  than  before*  an 

botb  wore  distorted;  lastly, 
when  the  vesfiel  arrived  at 
the  point  j,  tbe  rodnplicated 
image  had  rocedud  to  a  dis- 
tance still  farther  away,  and 
both  images^  though  distorted, 
presented  an  appeanmee  of 
distortion  very  diEbient  from 
befoM  ;  they  wero  apparyntly 
diawn  out,  elongated  both  as 
to  tl^  hull  and  rigging,  as  re- 
pveaented  in  the  aecompany- 
ing  diagram  (Fig.  76).  The 
feilhming  k  the  e^qilanationf 
of  the  phonom^on  as  sug- 
gested  by  the  two  obaerrera  aboTe-mentioned,  and  there  seems  no  reason  to  doubt  its 
eorrectnesa. 

The  letters,  ABC,  represent  on  outline  of  the  eEsftem  bmk  of  the  lake  of  Genera;  tha 
air  oyer  tJiat  bank  had,  at  the  time  of  observation,  been  long  undor  the  shadow  thrown 
upon  it  by  the  moon  tains  of  Savoy,  whilst,  contemporaneoualj  the  weatera  bank  had 
been  strongly  heated  by  the  sun ;  hence,  from  the  conjoint  operation  of  th  cse  two  causoa, 
there  were  two  vertical  layers  of  atmosphere  of  different  tempefatures,  and  consequently 
of  diHerent  densities;  heveei  they  were  of  two  different  refraotiTo  ^id  reflective 
powers, 

AU  that  is  neccsssjry  to  determine  aeriol  refleetions  is  a  sufficient  difference  between 
the  temperatures  of  any  two  adjacent  atmospheric  layers*  In  the  instance  already  men- 
tioned, thii  diffiert-ncc  has  been  oecaaionod  by  portion* of  the  ground  being  hotter  than  the 
strata  of  air  with  which  they  are  in  eonti^ty.  The  revei^e  of  these  conditions  may, 
howeTar,  obtain,  and  phantostici  atmospherie  delusions  msiy  be  ^e  result    This  kttei 
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case  generally  presents  itself  at  sea,  and  by  no  means  exdusrvely  in  warm  loealities. 
ThuS)  for  instance,  it  is  prevalent  cnongh  in  the  Northern  Ocean.  Somctiines  the 
atmospheric  delusion  has  men.»ly  the  effect  of  prolonging  tho  appearance  ot  an  object 
really  below  the  horizon;  somctimct  not  only  is  tho  appearance  prolonged,  bnt  liie  body  is 

seen  douMe.  What- 
ever the  appearance, 
the  claflB  of  atmos' 
pheric  deliisions  mnr 
under  consideratioli 
are  usually  seen  near 
the  horizon — a  poa- 
tion  where  theoptical 
powers  of  the  atmos- 
phere attain  their 
greatest  intensity. 

Tli«  Rainbow. 
— ^The  most  beauti- 
ful of  all  luminous 
meteorologic  pheno- 
mena is  the  rainbow, 
which  results  £com 
the  decomposition  of 
Hght  by  refractioQ 
through  drops  of 
lain,,  and  subsequent 
reflectioB.  Eainbows 
are  of  two  dassesy 
solar  and  lunar;  the 
latter^  however,  are 
rare,  and  eyen  when 
they  do  occurthe  bow 
is  seldom  coloured. 
The  chief  condi- 
tions under  which  a 
so&r  rainbow  may 
occur  are  the  follow- 
ing : — ^The  sun  must 
not  have  less  than 
42*  of  angular  ele- 
vation ;  the  hack  of 
tiie  spectator  must  be 
towards  tho  sun,  and  rain  must  be  falling  fix)m  a  highly  illuminated  cloud.  The  rain- 
bow is  usually  double,  and  the  theory  of  its  formation  may  be  thus  explained.  Let  it 
be  assumed  that  a  straight  lino  passes  from  tho  eye  of  the  observer  through  the  sun ; 
then  this  line  will  constitute  the  axis  of  a  cone,  the  base  of  which  will  be  t^e  rainbow, 
and  its  vertex  the  eye  of  the  observer.  If  the  bow  be  at  the  horizon,  and  the  place  of 
observation  be  a  level  plain,  thon  the  rainbow  will  appear  as  a  perfect  circle  constituting 
the  base  of  the  cone.    This  complete  circular  appearance  is,  however,  rar^  tite  rainboir 
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1)cin^  &r  more  gtnerallf  ^  as  its  nsmc  miplii»^  a  tnere  iirc  of  coloured  light.  The  escpk* 
natioii  it  tkfit  cTident  of  the  fact  that  tlie  ndiibow  cannot  appeal  when  the  oHn  has  at- 
taiBed  «ZL  elevation  gf^ter 
than  45^.  The  rainbov, 
fboQgfa  fltQl  depicted,  in  de- 
picted bekfw  the  konarcfi^ 
and  iS}  idiereforef  inriiiible* 
It  foBowfi^  then,  tMt  ih^ 
mj^e  of  the  Tisible  rainbow 
IE  inveraely  to  the  eleva- 
tMM  of  the  sun,  abore  the  |^ 
horizon. 

The  annexed  diAgram 
(Fig.  78)  iUu^trates  tiie  for- 
mation of  the  rainhow.  Tlio 
straight  line  A  F  is  sup|K),^':m1 
to  be  drawii  hetween  thi^  sun 
and  the  eye  of  lie  obacirerj 
pasaing  through  the  latter. 
ThitfUgh  this  line  a  Tertical 
plane  is  euppoaed  to  be  drawn. 
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II  the  line  A  jf  be  dmwn  through  A  ao  that  the  angle 
P  A  if  flhjill  amount  to  42^,  the  raiu-drope  will  reflect  coloured  drops  to  the  eye. 
A^mning  the  line  A  £  Ut  rotate,  a  cone  will  evidently  be  gener;&tod,  part  of  wliich, 
lying  below  the  btnixon,  will  be  invisible.  It  is  the  autfaee  of  the  oene  thus  generated 
which  is  the  leSeeting  suTfiii!©^  and  to  wMdi,  therefore,  the  rainbow  is  due.  Inasmuch 
as  every  colour  has  a  refrac^Te  quality  peculiar  to  ifed^  each  drop  only  ToprcBetita  oiro 
tint  to  the  eye.  An  are  having  the  breadth  of  about  2"  is  aufflcient  to  include  all  tibc 
prismatic  eolouM ;  ^  therefore  is  about  the  breadtli  of  the  rainbow. 

The  colours  of  the  rainbow  are  partly  dae  to  rc&afftion  and  partly  to  reflection,  as 
has  been  observed.  The  Irst  effect  of  light  on  the  dropa  of  rain  is  refraction,  by  the  oper^- 
tioa  of  which  white  light  airiTea  st  the  pogtorior  side  of  each  drop  of  rain,  decomposed  or 
diaaeeted  into  the  primitive  coloura  of  which  it  is  eompoaed.  At  the  posterior  aspect  of 
each  drop  of  rain  the  dissected  colours  are  reflected  uuto  the  eye,  and  a  coloured  image 
is  presented* 

Such  is  an  explanation  of  tie  theory  of  the  primary  rainbow—besides  which,  tho 
surrounding  rainbow  requirGs  to  be  noticed.  The  flecondary  raiiibow  is  outside  the  pri- 
mary, and  is  larger  than  it,  but  also  much  fainter.  Its  angular  position  ifi  deHned  by  the 
limits  5ft*  6W  and  54"  9',  measui^  with  reference  to  the  axis  Ao?.  The  accDadary  raiH' 
bow  has  all  the  coloui^  of  tba  primary,  but  lees  completely  dofiut^d,  and  in  a  reverse 
order.  Ita  cxistonca  may  be  explained  by  the  statement  that  it  is  the  result  of  light 
twice  decomposed,  whereas  the  true  rainbow  is  tho  result  of  light  only  once  decomposed. 
Tlie  secondary  rainbowj  then,  is  produced  by  drops  of  water  very  far  off. 

Inasmtioh  as  any  angular  elevation  of  the  sun  above  ^5"  is  incompatible  with  the 
ejtistence  of  a  rainbow,  it  ia  evident  that  this  beautifld  meteor  can  never  oeour  in  the 
south.     It  may  oc&nr,  however,  either  in  the  east,  west,  or  north* 

As  concerns  lunar  rainbows,  they  are,  aa  I  have  before  remarked,  exceedingly  rare, 
and  are  very  seldom  eoloured*  Nevertheless,  in  northern  latitudca,  where  tho  moon 
shines  with  a  brilliancy  unknown  to  us,  coloured  lunar  rainbows  sxq  occasionally  seen. 
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B&loB  and  Fftvlieli&i — The-ae  nieteom  pbeaommm  stb  f«r  more  rare  with  m 
tjjaa  in  more  moitJieni  Ifltitudes,  whcsro  they  are  «ontaniiou£ly  i^iaible  ibr  long  pcrioda  of 
time,  and  give  rise  to  pbanoiDeoa  of  extraordinary  beautf ,  The  t^rm  kah  k  appEed  to 
a  luminous  cirtrle  oociisloDiiIl^  ieed  sronnd  iuminociB  bodice,  micsre  particularly  the  sm 
and  moon^  and  ii  partly  ikie  to  the  re&oction  of  light  by  TapsTD^Oi  water,  Bmuetlm^g  m 
thje  fonn  ot  tnM&  doudi^  Bomfitimes  zujt ;  and  pocrtlj  to  the  properties  of  liglit  tenn^d 
di^Tftjotion  and  mtet'foreDce,  Am^  respecfia  di^actioQ,  tlie  circmnstancQ  has  been  nbmdj 
annoimeed  thai  yfben  lig^  pan^  thTongli  a  ndnnte  odlicG — eucli,  for  example,  m  a 
small  aperture  punctured  m  e  oai^— ^tlie  edges  of  tauih  lig^t  bezid :  thia  h  tcrsied  di&^- 


tion,  Tbe  term,  interfterence  of  light,  i^  used  to  eaqdoin  the  phenomena  of  colonr,  or 
alterationa  of  luzmnons  DonditiDiL  generany,  which  resnlt  from  tfaa  aeaumcd  joning 
impact  of  luminon^  ^wiiTea  meeting  in  dl^rent  phases  of  their  yihration* 

3oliu-  hnltffi  frequently  exist,  though  nnnotioed,  ihn  Buii.'a  light,  U'dng  ao  powieTful  tibof 
the  eye  of  the  observer  eannot  withstood  it^  Impresaiona,  By  the  aid  of  a  ahe^  of  ^a^s 
i^ndcred  dnU  hy  maoke^  theae  halos  are  frequently  rendered  visible^ 

Although  hak)^  and  alao  the  phenomena  next  to  be  df^cribcd,  are  reierAbJi^  to  the 
aeticm  of  atinospiieno  moistnre  on  luminoua  rajs,  yet  it  h  erident  th&t  tb^  oonditioa  of 
that  moisture  will  nary  acwuding  to  temperature;  in  other  word%  tio  ai^rial  mobturB 
which  would  be  mere  clotid-TCsiclea  at  temperaturea  above  Uie  freeaing-point,  would,  if 
depressed  below  32*  F.,  be  eonyerted  into  snowj  or  apiculso  of  iee.  The  altenydon  which 
these  are  capaUo  of  effecting  on  hitninoujs  rays  being  far  gpenber  than  mere  uncoDgeakd 
Tfcaoular  wate-r  ean  effect,  the  reanlting  optical  phenomeiia  are  far  more  bnlliant  and 
remarkable.  Mcfnce  in  noHbem  latitudes  tbe  phenomena  of  haloe  and  p^helia, — his  aits 
ot  light  appearing  near  the  aun,  and  Homctinkjesa  inteftecting  each  other,  «ro  odledy- 
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brilliant  and  impressive  beyond  anything  which  corresponding  phenomena  occurring  in 
this  region  would  lead  us  to  conceive.  These  luminous  arcs,  sometimes  intersecting 
each  other,  are  as  often  occasicmed  by  the  moon  as  by  the  sun.  As  the  phenomena  in 
question,  when  referable  to  the  latter  cause,  are  demonstrated  parhelia^  so  when  de- 
pendent on  the  former  cause  they  are  tenQed  pamselena. 

Frequently  parhelia 
and  paraaelenaD  consist,  ^  ^^^HIHk  *^ 

not  only  of  the  inter- 
secting arcs  just  men- 
tioned, but  of  circular 
luminous  meteors  to 
which  the  term  mock 
suns  are  especially  ap- 
plicable. Associated 
with  parhelia,  andsome* 
times  included  under 
the  same  name,  is  a 
luminous  band,  piassing 
horizontally  through 
the  sun,  and  not  un- 
frequently  making  a 
circuit  of  the  whole 
heavens.  Where  this 
luminous  band  and  the 
inner  parhelion  cross,  a 
mock  sun  usually  ap-  Fig.  80. 

pears,  as  represented  in  the  accompanying  diagram  (Fig.  80). 

Aiurora  Bozealis. — It  has  already  been  indicated,  under  the  head  of  electricity, 
that  various  circumstances  materially  operate  to  produce  the  condition  termed  electrical. 
By  far  the  best-studied  of  atmospherical  electrical  phenomena  are  thunderstorms ;  but 
it  is  an  error  to  suppose  that  the  atmosphere  contains  at  the  time  of  a  thunderstorm 
its  maximum  of  electricity ;  the  experiments  of  Faraday  have  sufficiently  made  out 
this  point. 

Eeserving  the  consideration  of  thunderstorms  for  the  present,  I  shall  introduce  here 
the  subject  of  electrical  phenomena  by  a  description  of  the  aurora  borealis — a  phe- 
nomenon sometimes  said  to  be  magnetic,  inasmuch  as  the  magnetic-needle  is  strongly 
affected  during  its  prevalence,  but  which,  nevertheless,  seems  more  naturally  to  belong 
to  electricity. 

The  term  aurora  horeaiia^  or  northern  light,  is  applied  when  the  phenomenon  to  be 
presently  described  occurs  in  the  north ;  and  the  term  awrora  amtralU  is  applied  when 
it  occurs  in  the  south.  But  the  former  has  been  seen  as  far  south  as  45**  of  southern 
latitude ;  and  the  latter  has  more  than  once  been  visible  in  Britain.  Nevertheless,  the 
beautiful  phenomena  of  northern  and  southern  lights  are  most  prevalent  towards  the 
north  and  south  poles  respectively. 

Northern  and  southern  lights,  when  in  their  greatest  perfection,  consist  of  a  well- 
defined  arc  of  white  light,  and  luminous  streams  of  coloured  light  flowing  therefrom. 
The  arc  is  not  permanent  as  in  the  rainbow,  but  bends  and  twists  in  all  directions 
like  a  ribbon  agitated  by  the  wind.    The  intensity  of  the  auroioi  >¥«x\&*^  ^^nii^&Sss^ 
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tensive  limits:  when  faint,  the  li^it  is  only  recogpnizable  at  night  by  eaireful  ezaminatioD ; 

but  when  higiilj  dereloped,  tlie  aurora  boreahsy 
or  austraHs,  can  be  aeen  dnring  broad  amwhine. 
These  phenomena  may  occur  at  any  season, 
but  they  are  most  preralent  in  the  months  of 
March,  September,  and  October,  or  aboot  the 
period  of  the  equinoxes.  The  aurora  borealis 
and  australis  are  sometimes  said  to  he  magnede 
storms ;  a  more  reasonable  fovandatkm  is  required 
for  the  remark  than  is  supplied  by  the  tor- 
bolent  agitations  of  the  magnetieHoeedle  with 
which  they  are  attended ;  but  we  hare  already 
seen  that  the  functions  of  magnetism  and  deetri- 
city  are  so  nearly  connected,  that  it  is  imposo- 
ble  in  some  cases  to  distjngnish  lieiweai  the 
two. 

There  is  a  very  common  electrical  experiment 
which  furmshes  an  artificial  pitenomenon  tot 
nearly  resembling  the  norUiem  and  aoutihen 
light,  in  an  respects  except  in  the  ahapa  of  tiie 
illuminated  body,  which  is  a  luniimma  aie. 

The  experiment  consist*  in  exliaBatiag^  hf 
means  of  an  air-pump,  all  tlie  air  out  of  a  ^laa 
tube  furnished  with  a  mftallic  point  at  eadi  end, 
looking  internally,  and  placed  in  tlie  deetrie 
current,  as  represented  in  Fig.  81.  When  a  stream  of  electiidty,  of  adequate  in- 
tensity, is  passed  through  the  apparatus  finom  +  to  — ^,  the  whole  interior  of  the  tube 
becomes  iQuminated  with  flashes  of  light,  very  smilar  iv  appearance  to  the  flashes  of 
the  aurora. 

The  phenomenon  of  the  aurora  borealis  was  noticed  by  Aristotle  and  Pliny,  alfhoo;^ 
neither  philosopher  could  have  seen  it  to  advantage.  Gassendi  first  originated  the 
term  aurora  borealis,  to  indicate  the  phenomenon  of  this  kind  obecrred  by  him  <hi 
September  12,  1621.  These  phenomena  appear  to  be  subject  to  some  laws  of  secular 
▼ariation  not  yet  understood.  That  they  have  appeared  in  certain  yeara,  and  certain 
groups  of  years  more  than  others,  is  certain.  According  to  Mairan,  twenty-six 
occurred  between  a.d.  583  and  1354 ;  thirty- four  between  1446  and  1660 ;  aixty-nine 
between  1561  and  1592;  seventy  between  1593  and  1633;  thirty-four  between 
1634  and  1684 ;  two  hundred  and  nineteen  between  1685  and  1721  ;  nine  hundred 
and  sixty-one  between  1722  and  1745;   and  twenty-eight  between  1746  and  1751. 

After  1790,  auroras  became  unfirequent,  but  since  1825  they  have  been  on  the  in- 
crease. A  very  remarkable  aurora  borealis  occurred  in  the  autunm  of  1847 :  it  was 
conspicuous  not  only  in  "Rf^gJand^  but  even  so  £eu*  south  as  Italy  and  Spain. 

Height  of  the  Aurora. — As  a  proof  of  the  doubt  which  existo  concerning  the  height 
of  the  aurora,  they  have  been  variously  estimated  from  3000  or  4000  feet  to  several 
miles.  The  probability  is,  that  the  conditions  on  which  the  aurora  depends  vary  in  the 
altitude  of  their  operation ;  but  the  truth  is,  that,  notwithstanding  the  electrician  by  his 
artificial  experiments  can  imitate  the  light  of  the  aurora  borealis  and  australis,  notwith- 
standing the  prevalence  of  the  phenomena  in  question  near  the  magnetic  noles  seems  to 
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point  ta  ma^atic  agidncy   m  tho  oau^ei   our  real  knowlodg^  ijoitcormxig  the  aumra 
boreaiis  and  (imtralfs  i^  verj'  slight. 

It  may  bcj  m  wdl  hej^  to  prBsent  die  n^deT  wit^  a  BUiQJTia:rj  of  t!i0  v^rioits  opinions 
which  haye  prevailed  nt  different  times  r^'lative  to  thtf  phenomenon  in  quGstion.  Many 
early  "writers  referred  the  appimrim<!^  pneaontud  to  mere  optical  catises,  conaidi^nng 
them  to  be  due  to  the  fQ:Qeafiim  of  Hat  sun'a  light  thrown  upwards  by  a  minor  of  snow 


and  ice,  and  a  subgaqnont  rafleotion  downwards  by  atmoepherio  ageucles.  Be  Mairan, 
the  obaetvor  whoi^  perhaps  more  than  anyone  elflo,  is  entitled  to  be  considered  the  chroni- 
cler par  meeUmr^  of  the  phenomena  of  tlm  aiirora,  attiihuted  tliem  to  the  penetration  of 
our  planet  at  certain  periods  iato  the  solar  atmosphcrts.  On  this  supposition  it  wiU  be 
Tomnrkedj  that  the  solar  atmoflphere  must  be  assumed  to  €!stend  to  the  orbit  of  our 
ploni^t^  an  Lypotbcais  totally  iiTGcoucilahlo  with  the  teaohinga  of  optics  and  ftstronmny. 
The  celobnitcd  Euli^r^  the  philosopher  who  could  deal  so  aatisfflctorily  with  the  abatrations 
of  number  and  quantity,  acema  to  haro  oflftred  a  moat  crude  and  impi-obable  theory  ex- 
planatory of  the  awora.  Adopting  the  molecular  theory  of  Eght,  he  assumed  that  the 
solar  raySj  striking  against  the  jMia-tieleB  of  our  atmosphere^  actually  carripd  paitieles  of 
the  latter  up  into  the  heavens  to  a  height  of  more  than  four  thousand  milts,  the  height 
at  whieli  Euler  helierod  auroras  to  exist.  Somu  philoaopherB^  of  whom  Volta  may  he 
negarded  the  CorjTphffiua^  adopted  a  chemical  theory  of  anroras,  referring  them  to  the 
ignition  of  hydrogen  gas  spontaneously  generated  on  the  earth,  and  rising  hy  ita  light 
^edflc  gravity  to  the  higher  atmosphorio  regions.  It  was  assumed  by  Oiesc  philoso- 
phers that  the  evolution  in  question  took  place  in  the  tropical  regions  ehiolly,  and  that 
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it  was  wafted  by  the  upper  current  of  air — treated  of  in  connection  with  the  trade-wind— 
to  the  north  and  south  poles  respectively. 

Halley  was  the  first,  I  believe,  who  suggested  that  the  phenomena  of  aurora  borealis 
and  australis  might  be  due  to  the  passage  of  magnetism  from  one  magriptic  pole  to  the 
other ;  and  the  theory  of  Halley  is  so  fur  retained,  that  the  auzora  is  assumed  to  be  in 
some  way  connected  with  electricity  and  magnetism,  but  in.  what  manner  is  beyond  the 
competence  of  observers  to  decide. 

On  the  Phenomena  of  Thondes  and  Ughtning. — ^Perhaps  no  meteorologic 
phenomena  are  now  so  well  understood  as  these ;  though,  before  electrical  science  had 
been  studied  by  the  phlosophers  of  the  last  century,  and  the  crowning  experiment  of 
Franklin  performed,  the  phenomena  of  thunder  and  lightning  were  so  myBterious,  that 
even  philosophers  were  content  to  refbr  them  to  the  operation  of  an  occult  cause. 

The  intimate  study  of  electrical  science  opens  a  field  of  somewhat  abetrose  matters 
for  consideration ;  the  field  is  far  too  wide  and  too  abstruse  to  be  dealt  with  satis£EU!torily 
here.  In  the  treatise  on  Chemistry  of  the  Imponderable  Agents,  belonging  to  this 
series,  it  has  been  treated  somewhat  in  detail ;  and  to  this  I  must  refer  the  reader  who 
desires  to  know  more  on  this  subject  than  strictly  belongs  to  the  necessities  of  what  I 
may  term  practical  meteorology. 

With  this  explanation  I  shall  not  hesitate  to  adopt  the  term  electric  JhUd,  although 
the  reader  has  already  been  made  aware  that  no  such  fluid  is  at  all  likely  to  exist  Let 
us  now  contemplate  the  phenomenon  of  that  electrical  excitation,  the  solution  of  which 
is  lightning,  under  the  simplest  conditions  that  the  phencHuenon  can  assume.    Let  A  and 
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B  (Fig.  83)  represent  two  clouds,  which,  being  nuide  up  of  watery  veeicleay  are  neces- 
sarily electrical  conductors ;  and  being  surrounded  by  the  atmosphere  on  all  sides,  are 
necessarily  insulated.  For  the  sake  of  our  illustration,  it  will  now  sufiEice  to  assume 
that  neither  of  the  clouds  here  represented  is  electrically  excited  at  this  period  of 
the  description,  and  hence  that  the  marks  -f-  <^d  —  ^^^  ^or  the  present  misplaced.  Let 
it  now  be  assumed  that  the  doud  A  becomes  positively  electzified, — that  is  to  say, 
charged  with  positive  electricity,  owing  to  some  natural  cause  unncessary  here  to 
explain ;  and  let  the  results  of  tiiis  condition  be  traced  out.  Firstly,  tiiere  is  not  in  all 
natiu*e,  and  there  eatmot  be,  such  a  condition  as  that  of  independent  electric  excitation; 
in  other  words,  there  cannot  be  one  hodj  positively  excited  without  the  oo-existenoe  of 
another  body  tugatively  excited.    Hence,  if  cloud  B  were  away  and  doud  A  positively 
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excited,  the  air  circumjacent  to  A  would  assume  the  second  or  negative  function ;  but 
if  the  cloud  B  is  present,  it  therefore  becomes  negative,  and  the  two  clouds  A  and  B  are 
mutually  attracted,  because  opposite  electricities  attract  each  other.  Henoe  they  ap- 
proach imtil  the  space  of  air  between  the  two  is  insufficient  to  restrain  their  mutual 
electric  tension :  this  condition  having  arrived,  a  discharge  takes  place,  precisely  analo- 
gous to  the  discharge  of  a  Leyden  jar.  Under  the  postulates  of  our  experiment,  the 
discharge,  or  lightning  flash,  takes  place  between  the  two  clouds  A  and  B. 

It  follows,  however,  from  the  consideration  of  known  electrical  laws,  that  just  as 
the  two  oppositely  electrified  bodies  may  be  two  clouds  as  assumed,  so  also  may  iiiej  be 
one  cloud,  and  the  surfisuie  of  earth  or  water,  or  conductors  placed  upon  either  one  or 
the  other,  under  which  conditions  a  downward  discharge  will  take  ^laoe ;  and  generally 
electricity  will  always  take  the  nearest  path  between  any  two  bodies  oppositely  charged, 
the  conducting  fsu^ilites  being  equal. 

Ziightning-Conductoxs. — It  is  almost  unnecessary  in  these  days  to  announce 
that  Franklin,  in  the  year  1752,  first  demonstrated  the  nature  of  lightning  by  drawing 
electric  sparks  from  the  string  of  a  kite,  previously  caused  to  ascend  into  the  region  of  a 
thunder-cloud.  This  experiment  performed,  the  connection  between  lightning  and 
electricity  could  no  longer  be  doubted,  and  a  means  of  drawing  off  a  surcharge  of  the 
electric  fluid  by  lightning-conductors  was  immediately  suggested.  The  most  important 
instruments  were  not  adopted,  however,  until  after  numerous  and  varied  conflicts. 
Firstly,  the  argument  was  adduced  by  some  that  lightning-conductors  could  not  be 
adopted  without  impiety,  being  intended  to  contravene  the  will  of  Providence.  An 
argument  so  fallacious  was  no  sooner  abandoned  than  lightning-conductors  were  ex- 
posed to  another  ordeal,  founded  on  an  erroneous  practical  estimation  of  a  truth  in 
theoretical  electricity.  I  allude,  as  the  electrician  will  perceive,  to  the  contest  between 
the  advocates  of  spherical,  and  of  pointed,  terminations  for  electrical  conductors. 

Now,  regarding  the  question  of  points  or  spheres  abstractedly,  it  is-  easy  to  see  that 
preference  should  be  given  to  the  former,  inasmuch  as  points  draw  off  and  give  issue 
to  the  electric  fluid  in  silence,  whereas  spheres  draw  off  and  give  issue  to  electricity 
in  sparks ;  but,  inasmuch  as  the  largest  spherical  termination  ever  used,  or  ever  likely 
to  be  used,  for  the  upper  extremity  of  a  lightning-conductor,  is  virtually  a  pdnt  in 
comparison  with  the  enormous  surface  of  the  smallest  thunder-cloud,  the  dispute, 
though,  violent  and  prolonged,  never  had  the  practical  significance  which  was  at  one 
time  taken  for  granted.  • 

The  history  of  lightning-conductors  famishes  a  remarkable  iUustnition  of  the 
difference  between  the  mere  knowledge  of  a  fiict,  and  the  confidence  or  conviction 
resulting  from  that  knowledge  and  justifying  its  practical  application.  The  whole 
theory  of  lightning-conductors  was  almost  as  well  known  half  a  century  ago  as  now ; 
yet  it  is  oidy  within  the  last  few  years,  and  owing  to  the  unflagging  perseverance  of 
Sir  W.  Snow  Hams,  that  due  effect  has  been  given  to  the  theory,  and  lightning-rods 
have  been  fearlessly  applied. 

Electrieal  Prineiplea  connected  icith  Lightning-conductorc. — ^The  electrical  principles 
on  which  the  efficiency  of  lightning-conductors  depend  are  few  and  simple ;  they  all 
admit  of  being  readily  demonstrated  by  electrical  experiments  artiflcially  performed, 
and  they  have  been  universally  justifi.ed  by  the  result  of  three  practical  applications : — 

(1.)  Electricity  eeeteris  paribus  follows  its  eottrse  through  the  best  conductors  which 
happen  to  be  in  its  path. — ^Thus,  for  example,  if  a  Leyden  jar  be  charged,  and  the  elec- 
tric connection  between  its  external  and  its  internal  coating  be  completed  by  three 
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linear  substances  of  equal  length— say,  for  example,  silk,  wire,  and  linen  thread— thin 
wire  being  the  best  electrical  conductor  of  the  three,  will  transmit  the  whole  of  the 
electricity  to  the  exclusion  of  the  silk  and  the  linen  thread.  It  ia  assumed,  however, 
in  the  performance  of  this  experiment,  that  the  wire  is  sufficiently  large  to  conyey  the 
whole  electric  energy. 

(2.)  Fhnnded  the  conductor  be  ffood,  and  its  gectional  area  adequate^  tAe  electric  Jbtid  or 
energy  is  conveyed  harmleetly  away.— No  pomt  in  the  whole  of  electrical  science  can  be 

more  satisfactorily  established  than  this.  It 
admits  of  being  illustrated  by  nunieit)us  experi- 
ments, amongst  which  the  following  may  suf- 
fice:— 

The  diagram  (Fig.  84)  represents  a  common 
Leyden  jar,  represented  in  the  act  of  being  dis- 
charged by  the  ordinary  discharging  instrument 
That  instrument  is,  as  usual,  of  brass,  all  save 
the  handle,  which  is  of  glass,  and  therefore  a 
non-conductor  of  electricity.  Those  who  are 
conversant  with  the  form  and  construction  of 
the  discharging  instrument,  are  aware  that  its 
two  terminal  balls  admit  of  being  unscrewed. 
Assuming  one  of  the  balls,  viz.  the  upper  one  in  the  diagram,  to  have  been  unscrewed, 
the  liberated  brass  stem  to  be  passed  through  amairoon,  or  box  holding  gunpowder,  and 
the  ball  to  have  been  again  replaced,  the  conditions  will  have  been  fulfilled  which  the 
diagram  represents.  It  is  evident  that  the  Leyden  jar,  as  repressited,  will  be  dis- 
charged. It  is,  moreover,  evident  that  the  whole  of  the  charge  will  be  transmitted 
through  the  gunpowder  contained  in  the  marroon,  yet  that  gunpowder  will  not  infiame. 
I^  however,  instead  of  the  conditions  of  the  last  experiment,  a  very  fine  metal  wire  (a 
steel  wire  by  preference)  be  passed  through  themarroon,or  rather  through  some  combina- 
tions of  explosive  materials  less  potent  than  amairoon,  which  would  now  be  dang»x)us, 
and  electricity  transmitted  as  before,  the  wire,  not  presenting  a  sufficient  amount  of 
transverse  area  of  sur&ce  to  convey  the  electricity,  melts,  and  the  ezplosiYe  o(Mnpoimd 
is  inflamed 

(3.)  Lateral  discharge  must  be  provided  ogainH, — ^The  meaning  of  lateral  discharge 
will  be  illustrated  by  the  foUowing  experiment : — ^The  diagram  (Fig.  85)  represents,  as 
before,  a  Leyden  jar  readily  arranged  for  being  discharged  through  a  metallic  wire,  one 
end  of  which  has  already  been  brought  into  contact  with  the  outside  of  the  jar,  while  the 
other  end  can  be  brought  into  contact  with  the  knob  communicating  directly  with  the 
inside  of  the  jar.  The  hand  is  represented  in  the  act  of  holding  a  glass  rod,  around  which 
one  end  of  the  wire  is  coiled,  and  the  extremity  of  the  wire  is  finished  off  with  a  ball. 
All  these  arrangements,  the  electrician  will  perceive,  are  necessary  for  giving  efi^t  to 
the  efficient  discharge  of  the  Leyden  jar  through  the  conducting  wire.  The  chief  poin 
for  observation,  however,  is  the  band  of  the  wire,  by  means  of  which  one  part  is  caused 
very  closely  to  approach  another  i>art,  as  represented  at  a  ft.  Now  it  is  possible  by 
choosing  a  wire  sufficiently  small,  and  causing  the  two  bands  to  pass  sufficiently  near,  to 
determine  the  passage  of  an  electrical  spark  from  a  to  ft,  instead  of  proceeding  through 
the  entire  length  of  the  wire,  from  the  internal  to  the  external  coating  of  the  jar.  This 
is  what  electricians  call  the  lateral  discharge,  and  it  requires  to  be  studiously  guarded 
ftgainst  in  the  construction  and  arrangement  of  lightning-oonductQrB. 
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Application  of  the  Foregoing  Deductions. — ^Perhaps  the  deductions  already  arrived 
at  will  suffice  for  practical  guidance  in  the  matter  of  lightning-rods,  though  these 
deductions  by  no  means  exhaust  the  science  of 
the  subject.  Firstly,  the  fact  may  be  considered 
as  proved,  that  aU  bodies,  even  the  most  dan- 
gerous and  inflammable,  all  edifices,  all  living 
beings,  may  be  shielded  from  the  evil  conse- 
quences of  lightning,  by  the  safeguard  of  light- 
ning-conductors. The  conductors,  however, 
must  present  a  sufficient  external  area ;  and  the 
point  has  been  made  out  by  numerous  trials, 
that  a  copper  rod  a  square  inch  in  sectional  dia- 
meter will  convey  away  the  utmost  fury  of  the 
most  highly-charged  thunder-cloud  ever  proved 
to  exist.  Copper  is  one  of  the  best  electrical 
conductors  amongst  metals ;  but,  by  providing  a 
sufficiently  increasing  sectional  area  to  compen- 
sate fin:  inferior  conducting  power,  any  metal 
may  be  made  to  perform  the  function  of  copper. 
Whatever  be  the  conductor,  its  upper  ex- 
tremity should  project  considerably  above  the  ^' 
edifice  to  be  protected;  and  if  pointed  theoretieaUy^  all  the  better,  though  practi- 
cally the  bluntest  termination  could  be  only  as  a  point  by  comparison  with  the  enor- 
mous mass  of  a  thunder-cloud.  Far  from  preventing  contact  between  the  building  to 
be  protected  and  the  conductor,  as  is  sometimes  done  by  the  interposition  of  glass  or 
earthenware  guards,  a  lightning-conductor  cannot  be  brought  into  too  intimate  metallie 
connection  with  every  part  of  the  edifice  to  be  protected.  The  conductor  should 
branch  and  ramify  over  the  surface  of  the  building,  and  should  be  brought  into  contact 
with  every  important  system  of  metal  line  work,  such  as  the  iron  pipe  which  fre- 
quentiy  runs  down  the  side  of  a  wall ;  finally,  the  conductor  should  at  its  lower  ex- 
tremity be  brought  into  contact  as  efficientiy  as  possible  with  some  good  electrio 
conductor,  such  as  the  system  of  gas  or  water-pipes  which  run  underneath  most  houses, 
especially  under  the  streets  of  most  civilized  towns.  As  regards  the  number  of  con- 
ductors necessary  to  be  supplied  to  one  building,  that  will  depend,  firstiy,  on  the 
shape  of  the  building,  whether  it  be  composed  of  many  elevations,  or  whether,  like  a 
column,  it  has  only  one.  Perhaps  the  best  practical  testimony  on  this  point  is  gleaned 
from  the  fact,  that  a  ship  having  three  masts,  one  of  which  only  was  protected  by  a 
lightning-conductor,  the  unprotected  masts  have  been  shattered  by  the  efiects  of  a 
thunder-storm,  while  the  other  remained  untouched.  If  a  column  be  surmounted  by  a 
metallic  statue,  it  is  worse  than  useless  to  disfigure  the  head  of  the  statue  by  a  pro- 
jecting metallic  spike  as  the  beginning  of  a  lightning-conductor;  nothing  more  is 
requisite  in  this  case  than  to  provide  sufficient  metallic  conduction  for  the  electricity 
downwards  into  the  ground.  Lightning-conductors,  it  should  be  remembered,  do  noty 
as  they  are  commonly  said  to  do,  attract  electricity.  They  no  more  attract  electricity, 
than  a  gutter  attracts  water.  They  merely  open  a  channel  for  electricity  to  pass  through. 
Before  the  demonstrations  of  Sir  William  Snow  Harris  had  taken  effect,  marine  light- 
ning-conductors were  something  more  dangerous  than  lightning  itself :  consisting  merely 
of  chains,  which  were  only  elevated  aloft  after  the  thunderstorm  had  come  on.    Marina 
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lightning-conducton  are  now  fixtures  on  the  masts ;  they  are  made  of  copper,  rmming 
band-like  down  the  mast,  and  embedded  in  the  latter  in  such  manner  that,  whether  the 
masts  be  elevated  or  lowered,  perfect  metallic  contact  between  any  two  pair  of  masto 
remains  uninteirupted. 

Relatiwe  Prewalence  of  Thnndosstonns. — ^The  phenomena  ci  thunder  and 
lightning  are  nowhere  so  violent  or  so  frequent  as  in  the  so-called  region  of  cafans; 
but  they  are  very  prevalent  throughout  tilie  torrid  zone,  more  especially  during  the  rainy 
season.  Thunder  and  lightning  are  almost  always  absent  in  the  polar  regions ;  and  even 
at  a  spot  no  fSarther  north  than  Bergen,  in  Norway,  the  annual  number  of  thunderstonns 
does  not  average  more  than  six.  As  the  rule,  thunderstorms  chiefly  occur  in  hot 
weather,  winter  thundcntorms  being  comparatively  rare.  Iceland  and  the  western 
coast  of  North  America  are  remarkable  for  the  predominance  of  thnnderstonns  in 
winter.  In  Sweden,  however,  winter  thimderstorms  are  almost  tmknown ;  thus  far- 
nishing  another  example  of  the  circumstance  already  noted,  that  the  Scandinavian  range 
of  mountains  effect  a  remarkable  difference  between  the  general  climate  of  Sweden  and 
Norway,  though  the  two,  geographically  considered,  are  so  dose  together. 

Aezolitea — Sliooting  Stara  — Keteoxic  8ton«s. — The  beautiful  phenome- 
non of  shooting  stars  is  common  enough ;  but  at  certain  periods  it  is  x>eculiarly  remark- 
able, the  whole  sky  being  filled  with  these  fieeting  meteors.  The  beginning  of  August 
and  the  beginning  of  November  ore  noticeable  for  their  connection  with  diooting  stars; 
more  especially  have  they  been  recorded  between  the  9th  and  the  14th  of  August.  The 
bouquet  of  shooting  stars  observed  at  this  period  in  North  America  has  been  aometinies 
called  the  Shower  of  St.  Lawrence. 

For  our  knowledge  respecting  the  periodicity  of  the  phenomenon  of  fialling  stars,  we 
are  indebted  to  Quetelet  Besenberg  and  others;  but  Muschenbroek,  so  long  back  as 
1762,  first  directed  attention  to  the  so-called  shower  of  St.  Zawrmc^  In  auddition  to 
the  August  and  November  phenomena  of  the  kind  imder  consideration,  other  periodb 
have  been  noticed — for  instance,  in  April,  and  tram  the  6th  to  the  12th  of  December; 
but  these  bouquets  of  shooting  stars  which  thus  occur  are  less  considerable  and  less 
regular  than  the  former.  Besides  these  showers  of  shooting  stars,  the  periodicity  of 
which  is  well  attested,  single  meteors  of  this  kind  are  frequently  noticed,  and  they  occnr 
at  all  seasons ;  therefore,  whatever  may  be  the  cause  of  shooting  stars,  this  cause  must 
be  regarded  as  continuously  operating. 

Sometimes  the  luminous  meteor  termed  a  shooting  star  attains  a  large  magnitude; 
observers  then  speak  of  it  as  a  fire-ball.  The  identity  of  shooting  stars  and  fire-balls  it 
now  well  established,  though  formerly  they  were  treated  of  as  distinct.  Fire-balls  are 
sometimes  seen  alone,  but  more  frequently  in  connection  with  shooting  stars.  Th&r 
light  and  their  bulk  are  frequently  so  considerable,  that  they  can  be  seen  in  hrotA  day- 
light. Their  velocity  through  the  heavens,  or  rather  through  the  upper  layers  of  our 
atmosphere,  is  various ;  but  it  generally  exceeds  that  of  the  earth. 

As  regards  the  nature  of  shooting  stars,  we  have  only  theory  and  analogy  fi>r  oor 
guidance ;  but  our  knowledge  of  fire-balls  is  far  more  accurate,  and  there  seems  no 
reason  to  doubt  that  their  teachings  illustrate  the  nature  of  falling  stars.  Numerous 
fire-balls  dart  through  our  atmosphere,  become  luminous,  and  disappear,  no  one  knows 
whither.  Others,  though  passing  near  to  our  atmosphere,  fiedl  to  enter  it,  and 
therefore  are  not  rendered  visible.  A  third  division  not  only  come  within  our  atmo- 
sphere, shine,  and  burst  with  a  loud  report,  but  they  fall ;  yet,  felling  either  into  the  sea 
or  upon  an  unfrequented  spot  of  land,  the  locality  of  their  Ml  remains  unknown.  Whilst 
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a  fourth  division  of  fire-balls  may  be  seen  to  &11,  dug  out,  and  examined ;  thus  sup* 
plying  data  for  an  inyestigation  of  fire-balls  in  geneSuL 

Masses  of  this  kind  are  termed  aerolites,  and  their  connection  with  fire-balls  has  been 
placed  beyond  all  doubt.  Fire-balls  haye  been  seen  to  fall,  and  aerolites  haye  been 
extracted  from  the  place  whereon  they  have  fallen.  Neyertheless,  some  aerolites  haye 
fidlen  upon  the  earth  without  the  assumption  of  a  previous  appearance  of  luminosity. 
Gases,  though  rare,  are  well  attested  of  an  aerolite  suddenly  feJling  from  a  small  doud, 
attended  with  a  noise  resembling  the  discharge  of  cannon ;  others,  again,  haye  fallen 
silently,  and  out  of  the  clear  air,  not  the  slightest  trace  of  cloud  being  visible  at  the  time. 

Testimony  concerning  showers  of  stars  and  the  fall  of  aerolites  has  been  handed 
down  to  us  fix)m  all  periods,  but  it  is  only  since  the  time  of  Chladni  that  the  occurrence 
of  these  phenomena  has  been  placed  beyond  doubt 

Amongst  the  best-attested  examples  of  the  fall  of  aerolites  are  the  following : — On 
the  16th  of  June,  1794,  a  shower  of  stars  fell  at  Sienna ;  and  in  the  following  year, 
December  1 3,  an  aerolite,  weighing  no  less  than  fifty-six  poimds,  fell  in  England.  Three 
years  afterwards,  and  remarkably  enough  also  on  December  13,  a  fire-fall  split  up  and 
discharged  round  stones.  A  very  large  shower  of  stones  fell  April  26,  1803,  near  Aigle, 
in  France ;  the  occurrence  is  particularly  interesting  on  account  of  its  having  been 
noticed  and  verified  by  M.  Biot.  Ten  such  meteoric  showers  were  observed  in  France 
in  twenty-six  years — t.  e.,  between  1790  and  1815.  The  meteoric  shower  at  Aigle  in 
1803,  which  poured  its  contents  over  a  surface  of  two  and  a  half  French  miles  long,  by 
one  in  breadth,  consisted  of  2,000  fragments  of  different  sizes,  some  weighing  not  more 
than  two  drachms,  others  near  twenty  pounds.  Aerolites  are  sometimes  much  larger 
than  this ;  one  fell  at  Agram  on  the  26th  of  May,  1751,  having  a  diameter  not  less  than 
eighteen  feet,  and  weighing  seventy-one  pounds ;  but  the  largest  known  aerolite  fell  in 
Mexico,  and  weighed  between  30,000  and  40,000  pounds. 

As  to  shape,  aerolites  are  generally  prismatic,  or  angular,  rarely  smooth ;  and  almost 
always  sheathed  in  a  crust  of  pitchy  blackness.  Their  specific  gravity  is  various,  some 
being  sufficiently  porous  to  absorb  water  with  rapidity,  others  being  dense  and  metallic. 
Looking  at  the  specific  gravity  of  aerolites  in  the  aggregate,  it  may  be  said  to  vary 
between  1*94  to  4*28,  thus  presenting  a  mean  of  about  3*5.  All  the  heavier  varieties  of 
aerolites  are  made  up  of  iron,  holding  a  little  nickel ;  traces  also  of  cobalt,  manganese, 
chromium,  copper,  arsenic,  tin,  and  other  well-known  elementary  bodies,  are  found. 

Ozigin  of  Fize-balls  and  Shooting-stara. — ^Various  opinions  have  been 
advanced  to  account  for  these  bodies.  One  of  the  earliest,  if  not  the  very  earliest,  of 
these  hypotheses,  originated  in  1660,  and  assumed  fallen  aerolites  to  be  mineral  masses 
oxwi^yollj  projected  from  lunar  volcanoes ;  and  calculations  werQ  made,  having  for  their 
object  to  demonstrate  what  volcanic  force  might  be  sufficient  to  project  aerolites  of  a 
given  mass  into  the  sphere  of  attraction  of  the  earth's  atmosphere.  Unfortunately  fdr 
the  probability  of  this  theory,  the  moon's  surface  appears  to  be  altogether  devoid  of  active 
volcanoes.  Then  followed  the  chemical  hypothesis,  according  to  which  it  was  assumed 
that  aerolites  were  nothing  more  than  aggregations  of  metallic  vapours,  which  had  risen 
to  the  upper  region  of  the  atmosphere,  aggregated  there,  and  fallen.  The  opinion  of 
Chladni  is  now,  however,  generally  received ;  he  regards  aerolites  to  be  of  cosmical 
origin — to  be  so  many  planets,  or  planetary  frugments,  which  revolve  in  oxblts  of  tlieir 
own,  variously  inclined  to  the  orbit  of  the  earth ;  that  our  planet  encounters  periodic 
shoals  of  these  little  worlds,  some  of  which,  becoming  entangled  in  the  earth's  gr&vi- 
tating  system,  pass  into  our  atmosphere,  become  heated  by  friction  against  its  particfos, 


METEOROLOGY.- No.  IV.  2  s 


546  OGCTTLT  METEOROLOGICAL  EMANATIONS. 

and  iiltimatoly  fiedl  to  tno  ground.  Although  tho  diBcoveiy  of  aerolites  is  comparatLvely 
rare,  the  meteors,  of  which  they  arerthe  final  result,  are  by  no  moans  so.  It  has  been 
calculated  that  the  avcrago  annual  £ill  of  aerolites  is  not  loss  than  700,  or  about  two 
daily. 

M«teo¥ologic  Result  of  Occult  Emaaations.— When  the  utmost  powers  of 
a  refined  chemistry  have  been  applied  to  tho  analysis  of  atmospheric  constituents  and 
conditions,  much  still  remains  to  be  unveiled.  There  are  atmoq>heric  causes,  whateyer 
they  may  be,  of  epidemic  and  endemic  diseases,  and  perhaps  other  agencies  which  our 
philosophy  little  suspects  or  dreams  of.  I  have  ventured  to  include  these  imdetermined 
agencies  under  the  general  expression  occult  emanations.  It  is  not  difficult  to  point  out 
objections  to  this  designation  in  somo  of  its  applications.  Ferluqps  it  is  not  strictly 
philosophical  to  spook  of  emanations  thus  hypothotically ;  pcihaps  thia  may  be  only  a 
repetition  of  the  error  of  assuming  the  existence  of  an  electric  fluid ;  perhaps  the  number 
of  iniluonccs  due  to  allotropism  and  to  x)olarity  is  greater  than  we  ^mn^^TiA  -  lyat,  at  any 
rate,  tho  term  "  occult  emanations"  may  bo  accepted  as  a  rollying-point  for  a  oertain.  daas 
of  facts,  until  tho  time  arrives  when  their  true  significance  shall  be  coireotly  made  out. 

Without  invoking  tho  hypotheses  of  allotropism  and  polarity,  there  aie  imdoalvtedly 
some  atmospheric  agencies  to  which  the  expression  occult  emanations  is  applioable^  and 
concerning  which  the  only  thing  occult  about  them  is  the  insuffidency  of  QOEdinsiy 
chemical  examinations  to  demonstrate  their  existence,  though  that  ft-rigf-miffft  admits  <^ 
being  demonstrated  by  extraordinary  chemical  means.  Thus,  for  fi'rf^p^^^  it  ia  a  well- 
authenticated  fact,  that  the  atmosphere  of  localities  in  which  fever  is  fimAomf^^  nnsBy 
contains  minute  traces  of  hydrosulphuric  acid,  and  an  odorous  animal  matter-HnibstaDoeB 
wliich  ordinary  chemical  processes  foil  to  detect,  but  which,  nevertheless,  by  tSie  adoptkn 
of  refined  methods  of  investigation  can  bo  proved  to  exist  The  late  Professor  Daaij^ 
was  of  opinion  that  tho  much-dreaded  fever  of  Western  Africa  was  augmented  by  the 
diffusion,  through  tho  atmosphere  of  that  coast,  of  minute  traces  of  sulphnxetted 
hydrogen.  And  tho  circumstances  under  which  A&ican  fdver  originates,  are  perfectly 
consonant  with  the  above  theory.  Tho  disease  only  prevails  now  on  the  coast,  its 
ravages  being  limited  to  a  small  belt,  partly  of  land  and  partly  of  sea.  Central  Afiica 
being  comparatively  exempt  from  its  inflictions.  Now  Professor  Daniell  assumes  the 
hydrosulphuric  acid  to  bo  the  result  of  decomposition,  under  a  powerful  sun,  of  matter 
borne  seawards  by  the  Niger  and  other  great  rivers,  in  connection  with  certain  sulphates 
of  sea- water.  Be  this  theory  true  or  the  contrary,  there  can  be  no  doubt  as  to  the 
truth  of  the  assumption  which  refers  fever,  when  endemic  in  certain  localities,  to  a 
vitiated  condition  of  atmosphere ;  which  vitiation  may  bo  generally  summed  up  as  con- 
sisting of  minute  traces  of  hydrosulphuric  acid,  and  of  undetermined  animalized  matter. 

Amongst  other  occult  emanations,  we  can  hardly  refuse  to  admit  the  cause,  whatever 
that  causo  may  be,  of  intermittent  fevers.  The  ultimate,  if  not  the  proximate,  cause  of 
this  class  of  disease  is  so  well  known,  that  we  may  almost  produce  or  banish  intermittent 
fevers  at  pleasure.  Given  heat  and  moisture  continuously,  ague  almost  invariably  sets 
in,  and  continues  its  ravages  as  long  as  tho  conditions  of  heat  and  moisture  cocsxist. 

What  is  the  occult  emanation  hero  ?  What  is  tho  proximate  cause  of  intermittent 
fever  ?  Are  we  to  attribute  the  disease  to  the  conjoined  evaporation  of  moisture  and 
heat  directly,  or  to  somo  further  emanation  to  which  these  conditions  give  rise  ?  Some 
imthologists  have  assumed  that  light  carbonetted  hydrogen,  or  marsh-gas  as  it  is  called, 
determines  the  disease ;  but  tho  notion  hardly  coincides  with  known  facts  in  relation  to 
this  disease.    The  horizontal  demarcation  of  altitude  above  which  the  influence  of 
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a^<}  ciumot  e^t{}ud|  is  oao  of  tkc  moet  romArkablo  mvumatancca  in  aomieddQU.  with 
tlie  discEuso ;  a  differencse  of  no  mcfro  thsa  ten  feet  in  perpendicular  hcigLt  fojquontly 
cwrrcspondjug  with  the  re^on  of  fcrer  and  the  region  of  saluhnty  respectively. 

The  mention  of  light  niarHh-gaa  naturally  suggests  the  cmrioufl  motcorologic  phe- 
nomonon  caUod  Will-o'-the-wisp,  or  Jack-o^^laiitem  ;  of  which  gas  ignited,  or,  according 
to  some,  phoaphuretted  hydrogen  goe,  it  k  hclleved  to  consist.  The  WiU-o' -the- wisp  ia 
not  a  very  froqucnt  phenomeuim  anjwhcrej  but  it  is  chifjfly  ecen  in  marshes  and 


Fig.  M. 

ehurchyardi!,—  the  latter  locality  apparently  adding  to  the  hypothamfl  that  it  is  nothing 
more  than  ignited  phosphuretted  hydrogen  g^is. 

Scarcely  lesft  acc;uratt.4y  domonatratcd,  than,  the  locality  of  aguo,  is  the  locality  of 
yellow- fever,  the  focua  of  which  may  be  considered  to  be  Vera  Cruz.  Strange  to  say, 
the  yellow-ferisr  is  totally  unknown  on  tha  Pacific  coast  of  Mexico ;  it  eitenda  north  as 
far  OS  Now  Orlcanaj  but  mrdy  further.  This  condenaation,  bo  to  speakj  of  febrile  energy, 
pointa  to  some  local  cause  —  moat  probably  of  atanosplicric  origin ;  but  chmnistiy  has 
been  unable  to  determine  its  nature. 

Beflectiona  Ktmilar  to  the  above  are  siiggested  by  the  contemplation  of  several  con- 
tagions diseases ;  of  which  the  plogije  is  a  notable  osiimple.  This  acourge,  althotigh 
capable  of  spreading  from  its  noi-nial  focua  into  regions  wide  apart,  is  in  certain  spots  de* 
termined  conditionally  by  the  exiatcnoe  of  some  unknown  condltiona  ;  and  these  are  mast 
probably  atmospheric.  The  plague  never  origin atca  in  very  hot  or  yery  cold  regions.  Ita 
focua  of  development  ia  Egypt^  Turkey,  and  the  Levant^  from  which  spots  it  can  never 
be  said  to  be  absent  altogether ;  but  it  only  appeara  \vith  Holence  at  interyola  of  eight  ot 
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ten  years.  Still  more  extraordinary  than  any  of  the  preceding,  are  the  varied  conditionfi 
which  give  rise  to  Aaiatic  cholera.  Unlike  the  plague  and  the  yellow-fever,  and  in- 
termittenta,  this  fell  destroyer  seems  independent  of  region,  recognizable  limits,  or 
other  conditions  of  demarcation.  From  east  to  west  it  has  extended  its  ravages,  under 
every  vicissitude  of  season  and  of  dime.  Much  as  there  is  mysterious  in  this — absolutely 
Ignorant  thoiigh  we  be  of  the  proximate  influences  by  the  operation  of  which  cholera 
and  other  epidemics  are  generated,  important  facts  have,  nevertheless,  been  made  out ; 
and  their  consideration  tends  to  allay  the  extreme  fear  wherewith  epidemics  were 
formerly  regarded.  The  moet  important  fsu^t  in  connection  with  this  subject  is,  that 
epidemic  influences,  whatever  their  nature  may  be,  only  as  a  rule  prevail  over  the 
weak,  exhausted,  Ul-fed,  or  mentally  broken-down  individuals  of  a  oonununity;  whence 
it  happens,  that  hero  in  our  metropolis  the  medical  statician  is  enabled  to  lay  his  finger 
upon  the  regions  of  epidemic  virulence,  as  he  would  on  the  locality  of  a  mni^tfljTi  or  a 
ooal-field ;  and  with  equal  satisfaction  can  he  point  to  localities  whae  epidemics  formerly 
raged,  but  whence  they  have  been  banished  by  the  art  of  man. 

mimatology. — ^Many  of  the  effects  of  heat,  in  its  meteorological  relations,  have 
already  been  incidentally  considered ;  but  reference  has  not  yet  been  made  to  the  sources 
of  heat,  and  to  the  means  of  its  distribution  over  the  surface  of  our  planet.  The  term  heat, 
as  applied  to  the  matter  now  under  investigation,  may  be  regarded  as  synonymous  with 
elevation  of  temperature ;  and  inasmuch  as  such  elevation  necessarily  presupposes  a 
condition  of  antecedent  depression,  we  may,  without  impropriety,  comprehend  the  meteo- 
rological effects  of  high  and  low  temperatures  (heat  and  odd)  under  one  and  the  same 
generalization. 

Central  Heat  of  th$  JSMA.— -The  hypothesis  was  first  propounded  by  Leibnitz,  that 
the  whole  of  our  planet  was  once  a  mdten  mass,  which  by  the  operation  of  cooling,  un- 
interruptedly going  on  in  successive  ages,  has  become  supeifidally  encrusted  over,  the 
crust  having  become  adapted  to  the  necessities  of  animal  and  vegetable  life.  Yarioiu 
circumstances  may  be  adduced  in  fevour  of  this  notion,  more  particularly  the  gradual 
increase  of  terrestrial  heat  downwards,  the  heat  of  deep  springs,  and  the  evidoices  ot 
fusion  in  what  geologists  term  the  igneous  rocks.  Whether  the  idea  of  Leibnitz  hold 
good  in  its  entire  acceptation, — ^that  is  to  say,  whether  the  centre  of  our  planet  be  one 
molten  mass  or  not, — there  can  be  littie  doubt  that  all  positions  of  the  globe,  at  a  sufficient 
distance  below  the  surface,  have  at  some  period  been  submitted  to  fusion.  NeverthelesB, 
at  this  time,  the  earth's  central  heat  may  be  altogether  ignored  as  tending  to  influence,  in 
any  manner,  the  climatic  temperature  of  our  globe.  PHmarily,  the  sun's  direct  rays 
determine  the  climatic  temperature ;  those  portions  of  the  world's  surfiice  being  most 
strongly  heated  on  which  the  sun  shines  at  the  greatest  angle — a  remark  which  of  course 
applies  to  the  tropics ;  while  those  are  least  heated  on  whidi  the  direction  of  solar  rays  is 
most  obUque — a  remark  which  of  course  appUes  to  the  arctic  and  antarctic  regions.  But 
the  latitude  of  a  region  has  less  connection  with  its  climatology  than  might  at  first  seem 
probable.  The  varying  conditions  of  insular  and  continental  sea  level,  or  elevated  table- 
land, valley  or  mountain,  and  still  more  the  influence  of  thermal  oceanic  currents,  have 
much  to  do  with  the  climatic  result.  The  high  table-land  of  Mexico  is  strongly  iUns- 
trative  of  the  effect  of  mere  elevation.  The  traveller  who  disembarks  first  on  the 
Atlantic  coast,  and  wanders  inland,  soon  finds  himself  amidst  all  the  luxuriance  of  a 
tropical  forest,  and  surrounded  by  all  the  dangers  of  tropical  existence.  Still  wending 
his  way  inland,  ho  ascends  a  mountain  elevation,  and  finds  himself  suddenly  transported 
to  a  region,  where,  on  accoMnt  of  its  elevation,  the  climate  has  totally  changed,  and 
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it  the  vegetation.  So  marked  is  the  change,  that  the  high  table-land  of  Mexico  is  well 
adapted  to  the  growth  of  wheat,  which  refuses  to  grow  anywhere  in  tropical  lowlands. 

Of  all  the  causes  which  influence  the  dimate  of  a  region,  that  attributable  to  oceanio 
currents  has  been  hitherto  least  studied;  yet  there  is  none  which  deserves  to  be  scru- 
tinized more  narrowly.  Looking  at  the  enormous  amount  of  oceanic  surface  in  com- 
parison with  that  of  the  land — ^taking  into  consideration  the  mobility  of  water,  its  sus- 
ceptibility of  thermal  impressions,  and  the  effect  of  the  configuration  of  capes,  head- 
lands, and  lines  of  coasts — the  contemplative  observer  soon  arrives  at  the  deduction,  that 
the  ocean  presents  to  him,  at  least,  as  wide  a  field  for  investigation  as  the  atmosphere, 
and  one  scarcely  less  interesting.  **  The  fauna  and  the  flora,"  says  Maury,  ^'  of  the  sea 
are  as  much  the  creatures  of  climate,  and  are  as  dependent  for  their  well-being  upon 
temperature,  as  are  the  fauna  and  the  flora  of  dry-land.  Were  it  not  so,  we  should  find 
the  fish  and  algse,  the  marine  insect  and  the  coral,  distributed  equally  and  alike  in  all 
parts  of  the  ocean.  The  polar- whale  would  delight  in  the  torrid  zone,  and  the  habitat 
of  the  pearl-oyster  would  be  also  under  the  iceberg,  or  in  frigid  waters  colder  than  the 
melting  ice.''  The  particles  of  water  being  mobile,  the  ocean,  and  indeed  aqueous  col- 
lections generally,  are  amenable  to  the  same  law  of  conviction  as  was  described  when 
treating  of  the  cause  of  winds.  Hot  water,  being  specifically  lighter  than  cold  water, 
must  necessarily  come  to  the  surface ,  and  for  every  current  in  one  direction  there  must 
be  a  counter-current  in  the  reverse  direction,  precisely  in  the  same  manner  as  occurs  in 
the  development  of  a  wind. 

Contemplating  the  ocean  in  its  relation  to  the  effects  of  heat  and  motion,  our  original 
ideas  concerning  that  vast  collection  of  waters  are  modified  and  expanded.  Instead  of 
regarding  the  ocean  as  one  shapeless  aggregation  of  briny  water,  it  presents  itself  to  us 
as  an  assemblage  of  many  streams, — ^a  network  of  mighty  rivers,  each  following  its  own 
course,  each  having  its  own  temperature,  its  own  flora,  its  own  animals  \  and  though 
devoid  of  palpable  banks,  scarcely  less  accurately  defined  on  that  account.  Amongst  all 
these  oceanic  currents,  that  denominated  the  gulf-stream  is  the  largest  in  size,  the  most 
important  in  the  functions  it  subserves.  The  gulf-stream  is  so  fhr  from  being  an  im- 
agining of  mere  theory,  that  the  dark  blue  alone  of  its  waters  suffices  to  point  out  its 
limits  and  define  its  course. 

All  hypotheses  as  to  the  cause  of  the  gulf-stream  are  as  unsatisfactory  as  the  direction 
of  the  stream  itself,  and  its  benign  influences  are  evident.  The  first  idea  relative  to  the 
golf-stream  was,  that  it  originated  in  the  impetus  given  to  the  ocean  by  the  disembogue- 
ment  of  the  Mississippi ;  but  placing  out  of  consideration  the  inadequacy  of  this  assumed 
cause,  on  account  of  the  comparatively  small  amount  of  water  which  even  a  river  so 
vast  as  the  Mississippi  can  pour  forth,  it  follows  that,  if  really  the  cause  of  the  gulf- 
stream,  the  whole  Gulf  of  Mexico  should,  in  process  of  time,  be  found  to  contain  only 
fresh,  or  at  the  most  brackish  water.  This,  it  is  scarcely  necessary  to  remark,  is  not  the 
case.  Franklin  advanced  the  theory,  that  the  gulf-stream  is  referable  to  the  pressure 
of  an  inordinate  amount  of  water  against  the  coast  of  the  Gulf  of  Mexico  by  the  trade- 
winds, — an  idea  which  is  scarcely  more  tenable  than  the  last. 

Whatever  the  cause  of  the  gulf-stream  may  be,  the  direction  of  its  current  is 
obvious.  Setting  out  from  the  hot  regions  of  the  Mexican  Gulf  and  the  Caribbean  Sea, 
it  proceeds  northward  to  the  great  fishing-bank  of  Newfoundland,  and  thence  to  the 
shores  of  Europe,  yielding  up  its  heat  to  the  genial  west  winds,  and  thus  transferring  a 
portion  of  the  superfiuous  heat  of  the  tropics  to  our  colder  shores.  The  greatest  heat  of 
iSfB  oceanic  water  of  the  Mexican  Gulf  is  about  86%  or  about  9°  above  the  ocean  tern- 
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peratnro  due  to  latitude  alone.  After  it  lias  ascended  to  10*  of  north  latitude,  the  gulf- 
stream  has  still  only  lost  T  of  the  original  heat  with  which  it  set  out.  Ascending  north- 
wards a  distance  of  three  thousand  miles  from  its  first  origin,  this  mighty  oceanic 
river  still  preserves  the  heat  of  summer  even  in  winter  time.  It  now  crosses  in  a 
westerly  direction,  in  a  line  coincident  with  ahout  the  fortieth  degree  of  north  latitude, 
spreads  itself  out,  and  imparts  to  Europe  a  genial  temperature ;  which  mere  latitude 
could  never  give.  The  gulf-stream  now  pauses  in  its  course;  it  is  split  into  two 
divisions  by  the  British  Isles,  and  two  gulf-streams  are  formed.  Of  these,  one  tends 
northward  in  the  direction  of  Spitzbergen,  whilst  the  second  enters  the  Bay  of  Biscay — 
imparting  temperature  to  each,  and  causing  a  soft  mantle  of  vapour  to  arise,  which, 
wafted  landward,  in  its  turn  disperses  the  heat  of  the  gulf-stream  fiir  inland.  Yery 
little  is  known  concerning  the  depth  to  which  the  gulf-stream  extends. 

Lieut.  Maury,  of  the  United  States  naval  service,  assumes  that  depth  to  be  two 
hundred  fathoms ;  and  arguing  on  this  assumption,  he  calculates  that  the  amount  of 
heat  led  away  from  the  Gulf  of  Mexico  by  this  oceanic  torrent  raises,  on  a  winter's 
day,  the  whole  atmosphere  which  hovers  over  France  and  the  British  Isles  from  the 
temperature  of  32°  F.  to  about  79°;  in  other  words,  from  winter-cold  to  sununer-heat. 
But  the  genial  influence  of  the  gulf-stream  on  the  British  Isles  is  more  than  this. 
Every  western  breeze  that  blows  towards  us  crosses  the  mighty  gulf-stream,  robs  it  of  a 
portion  of  its  heat,  and  comes  towards  our  shores  charged  with  warmth  and  laden 
with  balmy  moisture,  clothing  Ireland  in  a  suit  of  green,  and  imparting  a  nuldnees  to 
both  England  and  Ireland  which  can  be  best  appreciated  when  we  consider  that  the 
coasts  of  Labrador,  on  the  American  side,  and  under  the  same  parallel  of  latitude  as 
England,  are  rigid  with  ice.  In  1831,  the  harbour  of  St.  John's,  Newfoundland,  was 
closed  with  ice  as  late  as  the  month  of  June ;  yet  the  harbour  of  Liverpool,  though  2° 
further  north,  is  never  ice-locked  even  in  the  severest  winters.  By  referring  to  any  chart 
of  isothermal  lines,  the  current  of  the  gulf-stream,  as  just  described,  may  be  readily  traced. 

Although  the  climatic  effect  of  the  gulf-stream  is  so  advantageous  to  Western  Europe, 
more  especially  to  these  Isles,  it  is  scarcely  less  advantageous  to  the  regions  whence  it 
originates.  If  the  gulf-stream  be  the  channel  along  which  an  amount  of  heat  so  con- 
siderable passes  westward,  wo  may  speculate  on  the  consequences  that  would  have  arisen 
had  the  amount  of  temperature  now  conveyed  away  remained  in  the  gulf  itself.  Even 
now  the  coast-line  of  this  region  is  extremely  hot  and  unhealthy ;  how  much  more  hot 
and  unhealthy  would  it  have  been  had  the  gulf-stream  not  existed ! 

Uhder-Ourrent  of  the  Gulf-Stream. — ^As  the  trade-winds  are  only  an  under  atmospheric 
current,  passing  in  an  opposite  direction  to  a  current  above ;  so  the  gulf-stream  is  only 
the  counterpart  of  an  inferior  current  of  cold  water  flowing  back  to  compensate  for  that 
which  has  departed.  Not  only  does  theory  proclaim  this,  but  it  is  borne  out  by  experi- 
ment. At  a  mean  depth  of  two  hundred  and  forty  fathoms,  an  under-current  of  water 
flows  into  the  Caribbean  Sea ;  and  the  temperature  of  this  current  has  been  found  as  low 
as  48%  whilst  the  surface-water  had  a  temperatiiire  of  85°.  At  the  depth  of  three  htmdred 
and  eighty-six  fathoms  the  temperature  had  fallen  to  43°;  and  at  the  very  bottom  of  the 
gulf-stream  the  temperature  was  only  38°;  hence  the  existence  of  the  retoming  cold  cur- 
rent is  fully  borne  out.  It  comes,  there  is  littie  reason  to  doubt,  from  the  arctic  circle; 
presenting  the  closest  analogy  to  the  lower  aerial  current  which  constitutes  the  trade- 
wind. 

The  course  and  extent  of  the  gulf-stream  were  not  generally  known  until  the  cde- 
brated  Dr.  Franklin  drew  attention  to  the  subject.   The  history  of  this  event  is  worthy  of 
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narration,  illustrating  as  it  does  the  discriminating  and  logical  mind  of  that  extraor- 
dinary individual. 

Happening  to  be  in  London  in  1770,  his  opinion  was  demanded  respecting  a  memorial 
presented  by  the  Board  of  Customs  at  Boston  to  the  Lords  of  the  Treasury,  stating  that  the 
Falmouth  packets  were  generally  a  fortnight  longer  on  theirvoyage  to  Boston  than  common 
traders  were  fix>m  London  to  Proyidence,  Ehode  Island :  whence  their  request  that  the 
Falmouth  packets  might  be  sent  to  Providence  instead  of  to  Boston.  **  Franklin  could 
not  imderstand  the  reasonableness  of  this  request,  inasmuch  as  London  was  much  ftirther 
than  Falmouth,  and  fix>m  Falmouth  the  routes  were  the  same,  so  that  the  difference  should 
have  been  the  other  way.  Desiring  a  solution  of  his  difficulty,  he  consulted  Captain 
Folger,  a  Nantucket  whaler,  who  chanced  to  be  in  London  at  the  time.  The  whaler 
explained  that  the  difference  arose  from  the  circumstance  that  Bhode-Island  captains 
were  acquainted  with  the  gulf-stream,  while  those  of  the  English  packets  wore  not.  The 
latter  kept  in  it,  and  were  driven  back  sixty  or  seventy  miles  a-day ;  while  the  former 
avoided  it  altogether." — Mauri/. 

The  manner  in  which  the  old  whaling  captain  had  been  made  acquainted  with  the 
existence,  the  extent,  and  the  direction  of  this  gulf-stream,  is  curious  enough  in  its  way. 
His  instructors  were  the  objects  of  his  search,  tAe  arctic  whalei — animalR  which,  having 
a  dislike  to  warm  water,  never  enter  the  gulf-stream,  though  they  swim  close  up  to  it 
on  both  sides. 

Franklin  having  extracted  this  intelligence  from  the  whaling  captain,  got  him  to 
draw  a  chart  of  the  gulf-stream  to  the  best  of  his  ability.  The  chaxt  was  drawn,  Frank- 
lin had  it  printed,  and  copies  were  sent  to  the  Falmouth  captains.  They,  however,  were 
foolish  enough  to  pay  no  heed  to  its  teachings ;  nor  did  they  profit  for  many  years  after 
by  the  knowledge  of  the  gulf-stream.  Though  the  date  of  Franklin's  discovery  was  1775, 
yet  a  knowledge  of  the  gulf-stream  was  not  generally  diffused  and  acted  upon  until 
fifteen  years  later.  Not  the  least  extraordinary  fact  in  connection  with  the  gulf-stream 
is  the  sharpness  of  its  line  of  demarcation.  No  river  imprisoned  between  two  scarped 
rocky  banks  could  flow  in  channel  more  defined.  *^  If,"  remarked  the  American  author 
Jonathan  Williams,  "  these  strips  of  water  had  been  distinguished  by  colours  of  red, 
white,  and  blue,  they  could  not  be  more  distinctly  discovered  than  they  are  by  the 
thermometer."  "  And,  he  might  have  added,"  remarks  Maury,  "  nor  could  they  have 
marked  the  position  of  the  ship  more  clearly." 

The  notion  prevails  amongst  sailors  that  the  gulf-stream  is  the  great  storm-breeder 
of  the  Atlantic — ^the  father  of  storms ;  and,  indeed,  the  tempests  which  follow  in  its 
course  or  on  its  borders  warrant  that  designation.  What  are  the  indications  of  theory 
in  this  respect  ?  Had  the  Atlantic  been  still  an  untravelled  waste,  and  the  existence  of  a 
gulf-stream,  such  as  we  now  know  it,  been  propounded  as  the  basis  of  discussion,  would 
not  the  theorist  have  predicted  that  storms  must  originate  in  the  meeting  of  the  hot, 
moist  atmosphere  which  hovers  over  the  ocean  tract  of  seething  waters  from  the  fiery 
shores  of  Mexico  and  the  Caribbean  Sea,  mixed  with  the  chilling  blasts  of  the  north  ? 
What  torrents  of  water  must  result  firom  the  condensation  of  the  tepid  mists — ^what  stu- 
pendous electrical  force  must  be  brought  into  operation ! 

If  the  gulf-stream,  by  its  impulsive  fiow,  sometimes  impedes  the  mariner  and  drives 
his  ship  fix)m  the  desired  course,  it  nevertheless  affords  a  compensation,  not  only  in 
assisting  to  propel  ships  sailing  in  the  direction  of  its  course,  but  in  affording  a  g^iial 
climate  to  the  weather-beaten  mariner,  firozen  and  benimibed  by  the  shivering  blasts 
of  the  regions  outside  its  channel.  "  No  part  of  the  world,"  says  the  writer  to  whom  I  am 
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laigely  indebted  for  much  that  in  those  pages  concerns  ocean  currents  and  ocean  chma-^ 
tology, — "  no  -pait  of  the  world,"  remarks  Maury,  "  affords  a  more  difficult  or  dangerous 
naTigation  than  the  approaches  of  our  (the  American)  coast  in  winter."     Before  the 
warmth  of  the  gulf-stream  was  known,  a  voyage  for  this  reason  from  Europe  to  New 
England,  New  York,  and  even  to  the  capes  of  the  Delaware  or  Chesapeake,  was  many 
times  more  trying,  difficult,  and  dangerous  than  it  now  is.    In  making  this  part  of  the 
coast,  vessels  are  frequently  met  by  shore-storms  and  gales  which  mock  the  seaman's 
strength,  and  set  at  naught  his  skilL    In  a  little  while  his  bark  becomes  a  mass  of  ice, 
and  his  crew  frosted  and  helpless.    She  remains  obedient  only  to  her  hebn,  and  is  kept 
away  for  the  gulf-stream.    After  a  few  hours'  run  she  reaches  its  edge,  and  almost  at  the 
next  bound,  passes  from  the  midst  of  winter  into  a  sea  at  summer-heat.     Now  the  ice 
disappears  from  his  apparel ;  the  sailor  bathes  his  stiffened  limbs  in  tepid  water ;  feeling 
himself  invigorated  and  refreshed  with  the  genial  warmth  about  him,  he  realizes  out 
there  at  sea  the  fable  of  Antsus  and  his  motiier  Earth.    He  rises  up  and  attempts  to 
make  his  port  again ;  and  is  again  as  rudely  met,  and  beaten  back  frt)m  the  north-west ; 
but  each  time  that  he  is  driven  off  from  the  contest,  he  arises  forth  from  this  stream, 
like  the  ancient  son  of  Neptune,  stronger  and  stronger ;  imtil  after  many  days  his 
freshened  strength  prevails,  and  he  at  last  triumphs,  and  enters  his  haven  in  safety, 
though  in  the  contest  he  sometimes  falls  to  rise  no  more,  for  it  is  often  terrible.     Many 
ships  annually  founder  in  these  gales ;  and  I  might  name  instances,  for  they  are  not 
uncommon,  in  which  vessels  bound  to  Norfolk  or  Baltimore,  with  their  crews  enervated 
in  tropical  climates,  have  encountered,  as  far  down  as  the  Cape  of  Yirginia,  snow-storms 
that  have  driven  them  back  into  the  gulf-stream,  times  and  again ;  and  have  kept  them 
thus  out  for  forty,  fifty,  and  even  for  sixty  days,  trying  to  make  an  anchorage. 
.    Nevertheless,  the  presence  of  the  wann  waters  in  the  gulf-stream,  with  their  summer- 
heat  in  mid- winter  off  the  shores  of  New  England,  is  a  great  boon  to  navigation.    At 
this  season  of  the  year  especially,  the  number  of  wrecks  and  loss  of  life  along  the  Atlantic 
sea-board  are  frightful.     The  month's  average  of  wrecks  has  been  as  high  as  three 
a-day.    How  many  escape  by  seeking  refuge  from  the  cold  in  the  warm  waters  of  the 
gulf-stream,  is  a  matter  of  conjecture.    Suffice  it  to  say,  that  before  this  temperature 
was  known,  vessels  thus  distressed  knew  of  no  place  of  refuge  short  of  the  "West  Indies; 
and  the  newspapers  of  that  day — ^Franklin's  Fennsylvania  Gazette  among  them — inform 
us,  that  it  was  no  uncommon  occurrence  for  vessels  bound  to  the  capes  of  Delaware  in 
winter  to  be  blown  off,  and  to  go  to  the  West  Indies,  and  there  wait  for  the  return  of 
spring  before  they  would  attempt  another  approach  to  this  part  of  the  coast. 

The  gulf-stream  is  the  largest  known  oceanic  current ;  it  has  been  perhaps  more  fuUy 
studied  than  any  other,  and  its  teachings  may  therefore  be  appropriately  regarded  as  the 
type  of  the  rest.  We  have  seen  how  powerful  and  extensive  are  its  effects ;  we  have 
seen  a  few  of  the  purposes  to  which  it  mioistcrs.  The  ocean  is  full  of  streams  similar  to 
this,  each  taking  its  well-defined  course,  carrying  its  own  temperature,  clad  with  its 
own  fauna  and  flora,  peopled  with  its  own  denizens.  Thoughts  like  these  prove  how 
fSalse  and  unfounded  is  the  expression,  ocean  waate^  so  commonly  applied.  The  ocean  has 
its  regions,  its  valleys,  and  its  mountains — climates  and  varied  inhabitants — no  less  than 
the  earth. 

Othez  Oceanic  Cunrents. — The  Mediterranean. — ^It  has  long  been  known  that 
an  upper  or  sailing  current  constantly  sets  into  the  Mediterranean  through  the  Straits 
of  Gibraltar.  What,  then,  becomes  of  the  water  of  the  currents  ?  That  water  must 
either  be  dissipated  by  evaporation,  or  there  must  be  a  second  or  back-current. 
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Tho  existence  of  this  under-current  was  first  demonstrated  very  curiously  in  1712. 
At  that  time,  France  being  at  war  with  Holland,  M.  L'Aigle  commanded  a  French 
privateer,  called  the  Phcenix  of  Marseilles*  Near  Ceuta  this  privateer  gave  chase  to  a 
Dutch  ship  bound  to  Holland,  come  up  with  her,  delivered  one  broadside,  when  the  Dutch 
ship  immediately  went  down.  A  few  days  later,  the  sunken  ship,  with  all  her  cargo  of 
bnmdy  and  oU,  came  to  light  again ;  but  this  took  place  on  the  coast  of  Tangier,  at  least 
four  leagues  westward  of  the  place  where  the  ship  went  down,  and  in  a  direction  quite 
opposite  to  that  of  the  upper  or  navigable  current.  This  well-authenticated  case  was 
commimicated  to  the  Boyal  Society  in  1724. 

Currents  of  the  JSed  Sea, — ^Precisely  similar  to  the  Mediterranean  currents,  just 
described,  are  those  of  the  Red  Sea.  The  necessity  of  a  free  change  of  waters  here  is 
even  more  necessary  than  in  the  Mediterranean ;  the  sea  is  not  only  shallower,  and  sub- 
jected to  a  more  powerful  evaporation,  but  its  waters  are  not  fresh^ed  by  the  afflux  of 
any  rivers.  It  has  been  calculated  by  Dr.  Buist,  that,  taking  into  consideration  the  mean 
evaporation  on  every  part  of  the  surface  of  the  Red  Sea,  a  sheet  of  water,  eight  feet 
thick,  and  equal  in  superficial  area  to  the  whole  extent  of  the  surface  of  the  Red  Sea,  will 
be  raised  in  vapour  annually.  When  this  enonnous  rate  of  evaporation  is  considered, 
the  necessity  for  a  continuous  interchange  of  water  between  the  Red  Sea  and  the 
external  ocean  will  be  evident.  If  the  Red  Sea  outlet  were  choked  up,  so  that  ingress 
and  egress  were  no  longer  possible,  the  evaporation  of  about  a  tho\isand  years  would, 
it  is  calculated,  completely  dry  it  upr 

Currents  of  the  Indian  Ocean, — ^Many  thermal  currents  originate  in  the  Indian  Ocean. 
Amongst  the  foremost  of  these  is  the  Mozambique  cunent ;  another  of  these  currents, 
first  escaping  &om  the  Straits  of  Malacca,  and  being  swollen  by  warm  streams  &om  the 
Java  and  Chinese  Seas,  flows  out  into  the  Pacific  between  the  Philippines  and  the  Asiatic 
shores.  Passing  thence  towards  the  Aleutian  Isles  it  ultimately  loses  itself  on  the  north- 
west coast  of  America.  Meteoric  conditions  like  those  which  mark  the  course  of  the 
gulf-stream  also  mark  the  course  of  this.  Fogs  and  mists  follow  in  its  track,  and  storms 
are  also  generated  on  the  bank  of  this  oceanic  river. 

For  a  fuller  account  of  oceanic  currents  than  is  consistent  with  the  Hmits  and  objects 
of  these  pages,  I  must  refer  the  reader  to  treatises  which  deal  with  the  special  matter, 
and  above  all  to  the  work  of  lieutenant  Maury,  of  the  United  States  service,  to  whom 
meteorologists  are  under  deep  obligations  for  his  contributions  to  their  knowledge  of 
ocean  phenomena. 

In  contemplating  these  oceanic  currents,  of  which  the  gulf-stream  may  appropriately 
be  considered  the  type,  we  cannot  fail  to  be  impressed  with  an  evidence  of  design,  where 
at  first  no  design  would  seem  to  exist.  These  oceanic  currents  originate  in,  and  are  deter- 
mined by,  a  peculiar  conformation  of  the  land.  Now  what  can  be  more  seemingly 
irregular  or  capricious  than  the  shape  of  land?  If  dropped  down  into  the  ocean  at 
random,  or  elevated  by  a  subterranean  power  equally  capricious,  the  crust  line  of  islands 
and  continents,  the  solid  blocks  of  our  planetary  crust,  eonld  not  well  be  more  irregular 
than  they  are ;  and  yet  how  practically  harmonious  is  the  relation  between  land  and  water : 
how  weU  adjusted  tiie  powers  of  each,  how  well  adapted  to  the  mutual  benefit  of  mankind. 
It  appears  an  unimportant  matter  when  in  the  map  of  the  world  we  skim  our  eye  over 
the  southern  hemisphere  of  the  terrestrial  globe ;  there  we  behold  the  limits  of  the 
A&ican  and  American  continents  in  their  furthest  extent;  but  how  terribly  would  the 
locomotive  faculty  of  mankind  have  been  impeded  had  either  continent  expanded  itself 
to  the  south  pole,  or  even  traversed  much  farther  south  than  is  actually  the  case ! 
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In  OQfnnectioii  irhh  tbe  subject  of  ocean  cmieuta,  tlie  eflects  of  aqueous 
on  ihe  ocean's  denizens  desenres  a  passing  word  of  remade  fmtbei  tbaa  has  atreafy 
been  deroted  fo  it.  In  the  Caribbean  Sea,  and  odier  ocean  caldroBS^  'vinve  afeons  of 
neat  aze  accnmniated  for  distribution  m  legioos  fiir  away,-^in  Ise  ikjC  ciuiauts  vliidi 
originate  in  these  tepid  soonses  of  oceanic  riren,  there  ure  a  fuma  and  aflosm :  Ae&ona 
no  less  mailed  than  we  see  on  tropical  lands.  There  grows  tihe  cqeb],  tlKve  awian  flie 
sbMA;  and  tibousands  of  shelled  uM^nsca,  of  gorgeoos  eolonr  and  enonnons  tat,  tctA- 
ling  in  oceanic  forests  of  nmk  and  bulkj  growth,  represent  the  farad  ftvesti  and  flior 
denizens  of  corresponding  dimes.  But  though  grandeur  and  beantj  be  tiie 
of  these  wann  ocean  spots — the  thermal  ocean-tropic  ^  the  propriety  of  tbat 
be  allowed) — it  is  the  colder  oceanic  currents  which  airport  the  fem  of  aninndlifenMst 
useful  to  man.  Strange  though  tiie  eircamstance  may*  appear,  it  is  no  leaatzoe^  that  tiie 
fish  of  the  hot  parts  of  the  worid  are  always  indiflerent  as  food.  This  fiMt  is  aliiLinglj 
iDnstrated  in  the  Mediterranean.  The  temperature  of  the  Medxtexnmeatt  water  is 
usuallj  four  or  fire  degrees  abore  tiie  temperature  of  the  external  ocean,  and  what  a 
difference  in  the  fish !  Whoerer  has  compared  the  edible  fish  of  tiie  AdanliewxtiLtiiose 
of  the  Mediterranean,  wiH  be  at  no  loos  to  admit  the  vast  siqieriarity  of  fbe  fonner. 
The  naturalist  does  not  require  to  be  infonned,  tiiat  not  only  are  Mediterranean  fish 
inferior  to  those  of  the  Atlantic,  but  they  are  f<n-  the  most  part  of  different  species. 

Let  us  now  take  a  gboioe  at  the  locafity  of  the  principal  fishing  regions.  limitiDg 
ourselves  to  two  of  these,  they  would  unquestionably  be  the  fishing  grounds  of  New- 
foundland and  Japan.  The  former  is  the  better  known  of  the  two,  tibong^  peiiiaps,  the 
latter  is  the  more  considerate,  seeing  tibat  the  natiTea  of  Japan  are  deibanod  fitxn  the 
use  of  animal  food  by  their  religion,  although  the  eating  of  fish  pennitted,  tiiey  are  all 
ichthyophagi ;  and,  notwithstanding  tiie  dense  population  of  the  Japancae  ^l*«^«^  tfaetr 
inhabitants,  thou^  fish-eaters,  are  abundantly  fod. 

Between  the  gulf-stream  and  the  coast  is  a  narrow  band  of  ooi&d  water:  here  are  the 
fisheries  of  Xewfonndland.  Between  the  China  current,  as  it  is  denomiaaEled,  and 
lowing  in  an  opposite  direction,  is  the  cold  current,  in  which  tiie  Japaneae  fiduriflB  aie 
prosecuted.  These  are  tiie  two  most  prominent  ezamplea,  and  Ihej  will  he  foond  to 
present  the  type  of  many  others. 

Cold,  mad  tta  gflEeets* — ^Under  the  heads  of  snow,  hail,  and  hoar-ftosty  aome  of 
the  meteorologic  ettecta  of  c<^  hare  been  already  deaoAed.  The  phenomeBft  doe  ts 
this  powerful  agency  are,  however,  so  numerous  and  so  important,  that  it  may  be  well 
to  make  tiie  subject  of  cold  a  matter  of  special  contemplation.  If,  eastiiig  oor  eye  orer 
the  field  of  nature,  we  endeavour  to  select  the  most  prominent  resoItB  of  cold,  they  will 
be  found  to  relate  to  the  departure  from  an  ordinary  law,  which  Katme  has  made  in 
the  expansion  of  water  during  the  act  of  freezing. 

The  term  freezing  is  but  a  general  expresdon  for  tiie  act  of  aniidifffaition  by  ooU. 
Popularly,  the  term  is  only  applied  to  solidified  water;  but  tins  is  altogetiier  a  conTcn- 
tional  acceptation  of  the  word.  We  are  justified,  then,  in  comparing  tibe  act  of  sdidifi- 
cation  of  water,  with  the  act  of  solidification  of  any  other  fluid,  and  seeing  to  what 
extent  the  conditions  whidi  regulate  one  also  regulate  the  other. 

When  the  temperature  foils  to  32°  F.  water  ceases  to  be  liquid,  and  becomes  ice;  the 
weather  is  said  to  be  frosty,  and  water  is  said  to  be  frozen.  Whaterer  water  be  con- 
tained in  the  atmosphere  at  the  freezing  temperature,  is  deposited  in  the  solid  form  of 
hoar-frost,  the  particles  not  being  irregular,  but  bounded  by  definite  mathematical  out- 
lines— frequently  giving  rise  to  forms  of  great  beauty,  e^ecndly  on  window-paneBy 
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blades  of  grass,  and  loaycs  (Fig.  87}.    These  forms  are  similar^  in  general  contour,  to 


Fig.  87. 

thoKo  of  well-fonned  snow-flak^  (Fig.  88),  but  far  more  beautifiil,  and,  like  snow- 
flakes,  prove  tliat  ftozen  water  is  a  crystalline  body,  and  that  it  crystallizes  in  forms 
belonging  to  the  rhombohedral  system. 

But  the  most  important  point  connected  with  tide  freezing  of  water,  and  without 


Fig.  88. 

which  our  globe  would  ccaso  to  bo  habitable,  is  this: — ^Water,  during  the  act  of 
freezing,  expands,  and  thus  becomes  specifically  lighter.  Ice,  therefore,  swims  on 
water ;  it  cannot  sink.  How  stupendous  are  the  consequences  of  this  departure  from 
the  law  of  frc'ezing !  Had  it  so  happened  that  frozen  water,  like  frozen  mercury,  waa 
more  heavy  than  the  corresponding  liquid  material,  each  frozen  sheet  of  water  would 
sink  as  soon  as  formed ;  and  thus,  being  far  removed  from  the  melting  influence  of 
solar  rays,  the  production  of  ice  would  have  been  accumulative,  and  the  ocean,  long  ere 
this,  would  have  been  completely  ice-locked. 

In  tracing,  hypothetipally,  an  assumed  aberration  of  Nature  to  its  consequences,  the 
mind  is  speedily  entangled  and  lost  in  the  chaos  of  jarring  effects.  The  speculative 
meteorologist  &ids  himself  imable  to  thread  the  lab^hdnth  of  causation  here  involved. 
Having  shown  that  the  ocean  would  have  been  ftdl  of  ice,  had  tho  ordinary  law  of 
solidification  not  been  departed  from  in  tho  case  of  water,  it  is  perhaps  unnecessary  to 
follow  the  development  of  our  hypothetical  case  frirther.  That  ocean  life  must  have 
been  destroyed  is  evident^  that  the  sea's  liquid  highway  would  have  ceased  to  be,  is 
only  a  figurative  expression  for  a  frozen  ocean.  But  would  what  is  now  tho  solid  land 
have  then  served  the  purposes  of  animal  Kfe  ?  "Where  could  the  rivers  have  flown,  had 
the  ocean  been  a  block  of  ice  ?  or  would  not  the  rivers  have  remained  frozen  too,  seeing 
tho  vast  cooling  power  of  a  frozen  ocean  ?  It  is  easy  to  see  that,  imdcr  such  circimi- 
stances,  our  planet  would  have  been  totally  unflt  to  be  a  resting-place  for  its  present 
denizens  had  the  freezing  of  water  not  assumed  a  departure  from  a  law,  though  it  be 
impossible  to  imagine  all  tho  consequences  that  would  have  resulted. 
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Tho  same  expansiye  force  of  water  during  tlie  act  of  freezing,  by  the  operation  of 
which  it  is  rendered  specifically  lighter  than  water,  subserves  many  important  purposes 
in  the  world's  economy,  besides  floating  the  ice.  Water  percolating  into  the  fissures  of 
rocks,  and  being  subsequently  frozen  there,  displays  its  IrresistLble  force  by  splitting 
large  rocks  into  firagments,  and  disintegrating  their  firagments.  In  this  way  hard 
and  sterile  districts  become  covered  with  useful  soil,  in  which  low  fimns  of  Yegetable 
life  can  take  root ;  and  by  their  subsequent  decay,  contribute  the  elements  necessary  to 
the  support  of  higher  forms  of  vegetation. 

EeHation  of  Climate  to  Organic  Bev^cpment. — ^Tho  naturalist  who,  in  his  desire  to 
see  as  in  a  dioramic  picture  the  wonderful  characteristics  of  animal  and  vegetable 
types,  sighs  to  think  that  a  vision  so  glorious  will  never  pass  in  reality  before  his  gaze, 
may  at  least  console  himself  with  the  assurance  of  that  great  master  of  philosophic 
travel,  Humboldt,  that  it  is  in  the  power  of  man's  creative  feu^ulty,  aided  by  philosophy, 
to  imagine  those  striking  types  in  the  vividness  of  their  truth,  gladdening  the  closet 
with  ideal  images  of  the  living  features  of  Nature. 

Even  in  tho  narrow  region  of  European  travel,  the  intelligent  observer  will  not  M 
to  see  distinctive  physiognomies.  Passing  from  the  cold  green-sward  and  modest  vege- 
tation of  our  own  Isles  to  the  Mediterranean  shore,  a  striking  change  in  the  aspect  of 
nature  meets  the  view.  The  sturdy  oaks  and  elms  of  our  own  forests  disappear ;  the 
absence  of  smaller  grasses  removes  the  green  caipet  of  our  meadows ;  tall  graminaces 
spring  up ;  the  aloe  and  the  prickly  pear  bespeak  a  mixed  condition  of  heat  and  drou^t ; 
and  the  date-palm,  barely  acclimatized,  gives  some  fieunt  notion  of  what  the  characteristics 
of  a  tropical  forest  must  be.  '*  It  would  be  an  enterprise  worthy  of  a  great  artist,"  says 
Humboldt,  '*  to  study  tho  aspect  and  the  character  of  all  these  vegetable  groups,  not 
merely  in  hot-houses,  or  in  the  description  of  botanists,  but  in  their  native  grandeur  in 
the  tropical  zone.  How  interesting  and  instructive  to  the  landscape  painter  would  be  a 
work  which  should  present  to  the  eye,  first  separately,  and  then  in  combination  and 
contrast,  their  leading  forms !  How  picturesque  is  the  aspect  of  tree  ferns,  spreading 
their  delicate  fronds  above  the  laurel-oaks  of  Mexico ;  or  the  groups  of  plantains  over- 
shadowed by  arborescent  grasses.  It  is  the  artistes  privilege,  having  qtudied  these 
groups,  to  analyze  them :  and  thus  in  his  hands  the  grand  and  beantifiil  lonn  of  nature 
whidi  he  would  portray  resolves  itself  like  the  written  woiks  of  men,  into  a  few  simple 
dements." 

When  the  meteorologist  has  exhausted  his  knowledge  in  the  laying  ont  of  climatic 
groiq>a — ^when  he  has  placed  in  correlation  conditions  identical,  as  he  thfnVa^  fn  eveiy 
respect — the  growth  of  vegetable  forms  demonstrates  Ins  inability  to  comjprebesnd  many 
hidden  secrets  of  nature,  which  their  ddicate  organizatian  makes  known.  Snropean 
olive-trees  grow  luxuriantly  at  Quito,  but  they  bear  neither  fruit  nor  flowers ;  and  a 
similar  remark  applies  to  walnut-trees  and  hazd-nuts  in  ibB  Isle  of  France.  In  India, 
the  bamboo  flowers  luxuriantly ;  but  in  South  America,  where  it  flourishes  equally  well, 
80  fiur  as  general  aspect  of  growth  is  concerned,  so  rare  an  event  is  the  infioratiim.  of  the 
bamboo,  that  during  a  fi>ur  years'  residence  in  Sooth  America,  Humboldt  was  only 
enabled  to  obtain  blossoms  once.  But  perhi^  a  still  more  lemaikahle  example  of  luxu- 
riant growth  without  inflorescence  is  furnished  by  the  sugar-cane.  The  West  Indies 
have  como  to  be  cooisidered  as  the  region  jmt  txedUnet  of  ibB  sugar-cane ;  yet  it  Beldam 
bears  flowers  there — nor  indeed  does  it  in  any  port  of  the  American  continent;  thus 
frumishing  a  strong  presumptive  argument  in  £ivoor  of  ibe  theory  which  aaaerts  that 
/  iiorariely  of  the  sugar-came  ttlmS^^^iMraa\AlJba  yew  ^ 
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So  many  amateur  meteorologists  are  now  springing  up  in  eyeiy  direction,  that  it  may 
be  desirable  to  point  out  the  precautions  and  reductions  necessary  in  order  to  render  the 
raw  observations  useful  to  science.  The  present  paper  is,  therefore,  written  in  oon* 
tinuation  of  Dr.  Scoffem's  Meteorology,  to  enable  the  amateur,  with  as  littie  trouble  as 
possible,  to  reduce  his  observations  to  useful  results. 

To  the  non-met6orologist  such  terms  as  adopted  mean  temperature,  elastic  force  o€  ^ 
vapour,  reduced  barometric,  &c.,  imexplained,  serve  ratbet  \o  "^gerj^^x'^^DLXft  ^^s^s^j^bs^X 
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or  point  out  that  care  has  been  bestowed  upon  the  obsenraticxifly  and  that  &  reqaiste 
redactionB  and  precautions  had  been  adopted.  i 

The  first  daty  of  an  observer  is  to  prooure  good  ImrtnimfntB,  and  to  place  tiKm  in  j 
soch  positions  as  may  be  deemad  leMt  likelj-  to  be  affscted  by  local  cizciiiiistanees»  ' 
such  as  heat  from  a  fire,  diaa^fa^  loond  a  birilding,  Ac    Much  time  ia  fiequen^ 
thrown  away  by  using  impcrfeet  instmmentB.    When  a  person  purchaaea  a,  ifaenno- 
meter,  he  is  too  apt  to  consider  it  eoneet;  whereas,  in  many  irwtanoeg,  it  is  fiur  firom 
being  accurate.    Mr.  Hartnup^  of  ^liTerpool  Obaerratory,  in  his  last  report,  mentioro 
that  among  the  thermometers  mad  by  the  obtains  of  tiie  merchant  aerrioe,  an  error  of 
4'  or  o'  is  quite  common ;  even  a  thcnnometer  fitted  iq>  £ofr  taking  the  tempentme  of 
}    water  at  different  depths,  and  proAaaing  to  have  been  made  with  care,  waa  faand  to  be 
J    8^"  in  error  in  one  part  of  its  acale.    The  moat  laughable  instance^  however,  was  a 
[    barometer  which  had  the  following  eaon : — 
j  At  28    inches  waa  —  2-22  inches  of  the  standard, 

i  At  281    „        „    — 1-88        „ 

I  At  29      „        „    —0-78        „ 

At  291  „  „  —0-30  „ 
At  30  „  „  —  0-02  „ 
At30}    „        „    +0-38        „ 

At31      „        „    +1-07        „  „  I 

The  whole  yearly  range  of  prcssme  seldom  leaciieB  two  inches,  whilst  the  range  in  i 
error  of  this  instrument  was  3*29  indbea.  j 

Keteozological  Obserratkmfl* — ^In  order  to  place  thia  portion  of  the  subject  in  i 
as  dear  a  light  as  possible,  let  us  si^poae  that  daily  observations  are  made  of  the  baro- 
meter and  its  attached  thermometer,  of  the  tempamtnre  of  the  air,  of  the  wet  bulb 
thermometer,  of  sdf-rcgistering  maximnm  and  minimnm  tiiiermometers,  of  the  amount 
of  rain,  amount  of  ozone,  temperatoie  on  the  graas  and  in  sunshine^  state  of  electricity, 
amount  and  dass  of  cloud,  direction  and  fbice  of  winda^  and  state  of  ihe  weather.  JjA 
us  further  suppose  that  two  obserrationa  are  taken  dailfy  the  hours  of  observation  being 
9  A.1C.  and  10  p.k. 

The  Tremmrt  tftke  Air,— The  barometer  is  the  instrament  by  wiuek  the  alterations 
in  the  weight  of  ibe  tax  are  ascertained.  The  gravitatian  of  the  earth  exerts  a  certain 
pressure  which  would  always  be  aUke,  were  it  not  that  lateral  disturbances  had  the 
power  of  removing  a  portion  of  that  pressure  and  adding  it  elsewhere.  :  llius,  suppose 
the  average  pressure  to  be  29f  inches,  if  the  barometer  is  seen  to  rise  to  30  inches,  it  is 
certain  that  in  another  portion  of  the  earth  a  corresponding  fidl  has  taken  place  to 
account  for  this  change ;  howiever,  as  it  is  not  our  object  to  enter  into  the  physical  and 
local  changes  of  the  weather  here,  we  shall  at  once  proceed  to  describe  the  reductions 
that  are  requisite. 

It  is  essential  to  correct  observation  that  the  barometer  used  be  a  standard  instru- 
ment.  The  ordinary  instruments  are  useless,  owing  to  the  friction  of  the  mercury 
against  the  sides  of  the  glass  in  small  tubes,  the  impossibility  of  applying  the  reduction 
necessary  to  correct  for  the  alteration  of  the  height  of  mercury  in  the  cistern  with  the 
common  wheel  barometer,  owing  to  a  rise  and  £bl11  in  the  tube ;  and,  further,  because 
if  errors  occur  in  this  barometer,  they  are  increased  by  the  circumstanee  of  the  index 
of  the  wheel  barometer  being  a  long-arm  worked  by  a  small  wheel,  thus  multiplying 
mH  the  errors. 

The  Standard  Baxometer  i^oxkVd  W:^  «k  tnhe  of  not  less  than  -^ths  of  an  inch  in 


KBWliAN  S  THEBICOMETSB. 


559 


1 


mi 


diameter,  and  the  neaier  it  approaches  to  ^<jtli8  the  better,  as  the 
collection  requisite  for  the  Motion  against  the  sides  of  the  glass 
mpidly  diminishes  with  an  increase  in  the  size  of  the  tube.  This 
i^  the  correction  for  capillarity,  which  is  additive.  The  base  of 
tliD  tube  should  bo  plunged  into  a  cistern  of  pure  mercury,  and  the 
sc  ale  of  inches  should  haye  a  rod  attached,  terminating  in  an  ivory 
point,  so  contrived  as  to  be  moved  by  rack- 
work  until  the  point  Just  touch  the  surface 
of  the  mercury.  This  is  requisite,  in  order 
that  the  measurement  may  be  made  from  the 
surface  of  the  quicksilver  in  the  cistern.  Sup- 
pose we  either  neglect  this  operation,  or  the 
barometer  is  one  not  capable  of  having  it 
applied ;  and  let  us  further  take  a  reading 
without  reference  to  this  correction  after  a 
sudden  change  in  the  barometer,  this  reading 
may  be  represented  as  30*036  inches;  on 
bringing  the  ivory  point  down  to  the  mer- 
cury, this  second  reading  may  be  30*074 
inches:  thus  exhibiting  an  error,  from  the 
want  of  this  precaution,  of  '038,  or  nearly  four- 
hundredths  of  aninch.  The  thermometer  fitted 
for  use  should  have  its  bulb  plimgcd  into  the 
cistern  of  mercury,  otherwise  it  will  not  give 
the  temperature  of  the  mercury  itself,  but 
merely  show  the  heat  of  the  apartment  in 
which  it  is  placed.  Such  an  instrument  is 
made  by  Newman,  the  optician  in  Regent 
Street ;  it  is  the  same  as  is  made  for  the  Eoyal 
Society,  Greenwich  Observatory,  Admiralty, 
and  the  British  Colonial  Observatories. 

Deaeription. — a  is  the  mahogany  board  to 
affix  against  the  wall;  b,  brackets  which 
support  the  barometer,  between  which  it  is 
capable  of  being  revolved  so  as  to  observe 
tho  light  on  the  surface  of  tho  mercury ;  e, 
a  vaae,  which  unscrews  to  allow  of  the  socket 
d  being  removed  to  receive  the  upper  end  of 
the  barometer;  e,  the  adjusting  screws  for 
shifting  the  lower  centre,  by  which  the  baro- 
meter is  to  be  made  exactly  perpendicular : 
to  accomplish  this,  the  ivory  point  is  to  be 
adjusted  to  the  surface  of  the  mercury,  the 
barometer  gently  turned  between  the  two 
brackets ;  and  if  in  any  position  the  point 
should  be  elevated  from  tho  surface,  or  de- 
pressed into  the  mercury,  tho  screws  must  be 
altered  accordingly,  imtil  thft  ^xss^  ^<csvsisa5kSR. 


Fig.  1. 
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in  every  podticm ;  /,  tbe  key  hj  TrJuch  tlie  ivory  point  is  a^pastcd— tlie  irmf  point 
"bdug  ft  termiB&ticm  of  tZie  bns  Kflk  niiftiicied  off  si  tlie  tcm|iei«tiic^  of  32^^  snd  v^iich 
if  adjured  by  mouu  of  &  tangent  Bcrew ;  ^,  tbe  ^kH  piit  oilibB  ci^em,  tlizoDg^  vfak^ 
the  5iir£ic«  of  tJbo  mercury  and  irory  point  are  aeen ;  A,  tlie  ciitem ;  i^  tlie  «czcrv  w^aA 
k  to  be  looaened  wbcn  th«  tMitMnat^  U  fixed,  t<o  admit  t^  atoocpbenc  iinaaaiuc  ;  k^ 
tbe  m^f^eaMe  part  of  tbe  dsteiti,  cm  ^bii^li  fbe  izulex  f  Is  engraTcd ;  1^  tbe  ley  lay 
wMcb  th^  Tcfmief  k  adjusted;  m^  tbe  tibennotELetar  dipping  into  wad  Ebcir«nikg  Ifae 
tranperatuie  of  fc  mereury. 

Tbis  barometar  b  nocseasanly  ezpensiTe.  Modlfictttioos  of  this  staz^tdard  are  zcmde  by 
Mr.  Barrow  of  Oxendan  8tn^  and  Measra.  Negretti  anid  Zombtm  of  Katttm  Gazilan; 
tm^  tlie«£  arc  more  reaaonable  in  pnce,  answemtg  ggmtifably  w^Il,  tiiDttgb.  not  equal 
to  Mr.  Newman's  Standard.  HaTing  prttcured  a  \mj%mi£^ksXf  it  abm^  be  compared  witb 
tbe  Standard,  in  ctrder  to  as(%rtain  its  icniex  eirc^.  The  apartment  m  ^irMch  it  ia  kept 
mtiit  nc^t  he  subject  to  grsLt  diangea  of  temperatare ;  one  witb  a  wmdow  facmg  t^ 
iKifth  is  to  b^  prDferred ;  and  tbe  mitnunent  sboold  ba^g  wb^ie  there  ia  a  strong  light, 
but  Em  ontiT  wall  gliould  be  avoided, 

Th^naoBietei*. — Tberc^  are  varums  ecmatnictiona  of  instromeats  for  a^c^taining 
the  temp^mtiire  of  the  air ;  of  these  tho  mercurial  onea  are  the  hcst^  Thermometers  for 
companaon  requiie  to  be  phtttc^  npqtL  a  prop<^  etand,  as  the  ezrors  aiiditg  fimn 
peculiaiitj  of  sitaation,  &am  radiationj  sbeorptioii  of  beat,  &c.,  will  alter  the  nadrng 
Tery  materially.  There  ore  two  fonns  of  stand,  the  osue  constmeted  by  the  l«te  Hemy 
L&WBonf  Esq.,  F.E.S.t  the  other  by  James  Glai^er,  Esq.,  F.E,S, 

TAermnmeiitr'  Btanek, — In  <xmipaiiiig  the  readlnga  of  ima  thermometer  with  any 
other^  It  is  requiaitL'  that  each  instrament  should  be  phi^ed^  m  mueh  aa  poeeibk,  in  t 
Bjmikr  tmuiner ;  without  thie  uniffKinJiy  no  deductioni  can  be  drawn  with  any  daim  to 
aceumcj.    In  looJdiig  to  the  fttuat^  of  iisstnmiepts  used  by  ^cxmoB  who  liaye  not 

been  aware  of  the  nooessity  of  pniTidJnf 


thcms^ves  with  n  theimometer  stand, 
iome  will  be  foimd  &cing  the  tunih, 
others  the  south,  aootb-eaet,  north -west. 
Bud,  in  short,  evwy  point  of  the  compass. 
Again,  some  are  phteed  from  one  to  fi^ 
iket  &onL  the  g;roiiiid,  others  ten  ta 
twenty  feet ;  some  in  the  im^e  of  a  large 
boildingf  others  exposed  to  the  Pirn's  laji 
either  dining  the  morning  or  the  er^i- 
iug ;  some  touching  a  waQ,  others  at  s 
distance  from  one ;  in  short,  the  situatioss 
Taiy  in  as  great  a  degree  m  the  tempen- 
tnre  deduoed  from  the  observations  made 
Iry  them*  To  obviate  these  eotircea  of 
inaccuraey,  the  late  Mr,  Lawson  coti- 
Btructed  hi3  "Thennometer  Stand,*'  a 
sketch  of  which  is  giren.  at  the  head  of 
this  chapter.  This  stmd  consist*  of  a  feame,  which  has  been  foond  to  answer  the 
intended  purpose  tctv  wdL  It  is  composed  of  tchited^Al  boards,  and  can  be  constructed 
by  any  cajrpeater.  It  consists  of  an  oblong  tnmk  T,  12  inches  by  8  indieo  outside 
mcasnn? ;  to  the  oppodtc  tide  <tf  which  tronk  are  nailed  boar^  A  4,  at  the  distance  of 
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three  quarteis  of  an  incli,  and  projecting  about  six  inches  from  the  trunk  towards  the 
north.  Outside  of  these  are  nailed  other  thin  boards  e  «,  full  half  an  inch  distant,  and  pro- 
jecting about  four  inches  beyond  the  last-mentioned  boards,  also  towards  the  north. 
These  sides  or  shades  being  multiple,  prevent  the  sun  from  heating  tho  interior  of  the 
stand  where  the  thermometers  are  placed.  The  top,  or  pent  board,  P,  is  made  double, 
and  the  boards  are  placed  full  three-quarters  of  an  inch  distant  from  each  other,  and 
come  forward  so  as  to  overhang,  by  a  full  inch,  the  Night  Index  Thermometer, 
placed  immediately  beneath,  for  the  purpose  of  preventing  rain  or  dew  from  falling  per- 
pendicularly upon  the  bulb  of  the  thermometer.  Tho  legs,  L  L,  of  the  stand  are  merely 
the  continuation  of  tho  sides  of  the  trunk.  The  board  or  feet,  F  F,  are  loaded  or  fixed 
to  the  ground,  to  sustain  the  force  of  tho  wind.  The  interior,  T,  is  blackened  to  prevent 
strong  reflections  of  light. 

Fig.  2  is  a  ground-plan  of  the  machine,  which  will  prove  sufficiently  clear  to  any 
intelligent  workman  for  its  construction.  The  sides  (and  wood- work  generally)  are  of 
half-inch  white  deal.  The  distance  or  space  between  the  sides  of  lie  trunk  T  and 
the  board  or  inner  side,  t «  (Fig.  2),  is  three-quarters  of  an  inch ;  and  the  distance 
from  that  board  to  the  outer  side,  o  s  (Fig.  2),  is  full  half  an  inch.  The  narrow  boards,  s  a 
(Fig.  2),  are  to  bo  nailed,  with  studs  inter- 
vening, to  the  middle  board  or  side  i  «,  and 
are  for  the  purpose  of  preventing  the  sun 
from  shining  between  the  trunk  and  the  sides 
0  8  and  i  s  when  near  the  meridian.  The 
sides  are  fixed,  one  upon  the  other,  at  the 
required  distance  (viz.  three-quarters  of  an 
inch  and  half  an  inch),  by  numei-ous  wooden 
studs,  about  three-quarters  of  an  inch  dia- 
meter; and  the  nails  or  screws  passed  through 
the  sides  and  studs,  fixing  the  whole  firmly 
together.  Tho  whole  is  to  be  painted  white, 
and  no  other  colour,  except  the  face  of  the 
trunk  T,  which  may  bo  black,  to  prevent 
strong  reflections  of  light. 

This  thermometer-stand  can  be  placed  in 
any  eligible  spot  that  may  suit  the  conve- 
nience of  its  owner ;  its  four  sides  should  face 
the  cardinal  points,  commanding  therefore  a 
true  north  and  south  aspect.  It  can  be  visited 
on  every  side,  and  be  free  fix)m  aU  sur- 
rounding objects.  Tho  thermometers  used 
can  be  read  off  with  the  greatest  facility, 
and  the  whole  will  be  at  a  known  distance 
from  the  ground.  Those  instruments  placed 
on  the  south  face  will  have  the  meridian  sun,  and  those  on  the  north  face  will  be  always 
in  the  shade,  in  consequence  of  the  projecting  wings.  It  can  be  employed  by  any 
meteorologist,  wherever  residing ;  it  is  of  a  determinate  form,  height,  and  size;  it  is 
not  costly,  but  firm,  and  can  be  placed  on  any  open  spot  that  may  be  thought  eligible  for 
its  use.  The  instruments  may  be  read  off  with  tho  greatest  promptitude,  so  as  to  prevent 
or  reduce  errors  arising  from  the  person  of  the  observer  being  too  long  in  the  vicinity  of 
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the  thermometers.  By  the  general  adoption  of  this  stand,  instruments  placed  upon  it  will 
all  bo  used  or  observed  under  similar  circumstances,  and  deductions  from  them  be  more 
correctly  drawn  than  where  there  is  no  stand.  It  follows  that  obserrations  made  by 
individuals  wherever  residing,  either  in  Europe,  Asia,  Africa,  or  America^  if  drawn 
from  instruments  thus  similarly  placed,  can  be  compared  one  with  the  other  with  far  | 
lets  chance  of  error  than  has  hitherto  been  the  case. 

Mr.  Glaishcr,  F.R.S.,  has  likewise  constructed  a  stand  differing  from  the  one  just 
described,  but  which  is  also  an  excellent  contrivance. 

RtUherforii  Thermowuter. — ^The  mercurial  thermometer  of  Rutherford's  construction 
pushes  a  registering-pin  before  it  as  the  mercury  expands  by  heat ;  on  tho  air  becoming 
cooler,  the  mercury  contracts,  leaving  the  registering-pin  at  the  point  of  mnxnTwum 
heat.  One  objection  to  this  instrument  will  always  be  felt,  i.e.  the  pin  is  not 
unlikely  to  become  entangled  with  the  mercury,  especially  if  the  mercury  should 
oxidize. 

It  is  very  desirable  to  incline  Rutherford's  maximimi  thermometer  from  the  hori- 
zontal position,  so  that  the  bulb  shall  be  slightly  the  highest,  in  order  that  the  ther- 
mometer may  have  the  assistance  of  gravitation  in  pushing  tho  pin  forwards.  Within 
the  last  fifteen  years  many  of  Rutherford's  construction  have  at  the  Highfield  House 
Observatory  become  useless,  owing  to  the  registering-needle  becoming  entangled  with  the 
mercury.  Two  thermometers,  however,  of  this  construction  deserve  to  be  noticed,  the  one 
purchased  of  DoUond  and  the  other  of  Bennett :  they  have  done  their  duty  satisfactorily, 
and  are  at  the  present  time  in  perfect  working  order. 

Kegrettrt  Patent  Maximtun  Thermometer. — ^Too  much  praise  cannot  be  given  to  this 
ingenious  invention,  which,  from  the  circumstance  of  doing  away  with  the  registering- 
needle,  prevents  the  possibility  of  the  instrument  getting  out  of  order.  Since  the  invention, 
half  a  dozen  of  these  thermometers  have  been  constantly  employed  hero  without  any 
derangement.  The  principle  of  the  thermometer  is  this : — A  small  piece  of  enamel  is 
pushed  into  the  thermometer  tube  near  the  bulb,  and  the  tube  is  then  bent  so  as  to  secure 
it  in  its  place  ;  if  the  thermometer  act  once,  it  will  contiiiue  to  act  until  the  instrument  is 
broken.  As  tlie  temperature  rises,  the  mercury  will  flow  over  this  enamel ;  yet,  on  the 
air  becoming  colder,  the  contraction  will  only  take  place  below  this  point,  tho  whole 
column  of  mercury  in  the  tube  being  left  to  mark  the  maximum  heat.  It  is  only 
requisite  to  turn  the  thennometer  in  a  vertical  position,  and  give  it  a  gentle  shake,  when 
the  mercury  will  descend  and  flow  over  the  obstruction,  which,  in  the  horizontal  posi- 
tion, had  prevented  it  from  returning  into  the  bulb  of  the  thermometer. 

Phillips's  Construction  of  the  Maximum  Thermometer. — This,  the  invention  of  Professor 
J.  Phillips,  F.R.S.,  also  records  without  a  registering-needle.  A  small  bubble  of  air  is 
passed  down  tho  tubs,  and  a  portion  of  mercury  is  made  to  remain  above  this  bubble  ; 
as  the  air  increases  in  temperature  the  whole  column  rises,  yet,  when  it  cools,  the  mer- 
cury only  falls  from  below  where  the  bubble  of  air  is  situated.  It  is  an  instrument 
liable  to  get  out  of  order  in  ti-avelling ;  yet,  when  once  properly  fixed,  does  its  work  well 
In  consequence  of  the  bubble  of  air  expanding  with  an  increase  of  temperature,  a  slight 
error  will  bo  occasioned,  and  tho  thermometer  will  read  a  little  too  high  in  warm 
weather,  and  the  reverse  when  cold. 

The  Minimum  Ther.notnctcr^  imtil  lately,  has  been  filled  with  spirit  instead  of  mercury, 
with  a  slender  glass  pin  floating  in  the  liquid.  This  pin  is  carried  down  with  it  to  the 
lowest  point ;  on  tho  tomperature  rising,  this  pin  is  left  behind,  and  thus  marks  the  coldest 
point.    Like  the  maximum  thermometer,  gravitation  should  be  allovred  to  assist  inn 
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descent  of  the  pin,  vrhicli  is  aooomplished  by  slightly  lowering  the  bulb  from  the  hori- 
zontal position.  The  best  that  I  have  received  have  been  from  Messrs.  Negrotti  and 
Zambra ;  in  these  the  pin  is  much  longer  and  more  slender,  and  they  very  rarely  get  out 
of  order.  A  disadvantage  will  always  be  felt  with  spirit  thermometers ;  thqir  action 
diflPers  from  those  filled  with  mercury. 

The  Mercurial  Minimum  Thermometer. — ^Meteorologists  have  for  some  time  urged  the 
opticians  to  invent  a  mercurial  minimum  thermometer,  an  invention  which  long  seemed 
almost  to  bo  an  impossibility.  However,  such  an  instrument  now  exists,  thanks  to 
Messrs.  Negretti  and  Zambra.  A  thermometer  with  a  largo  tube  is  placed  in  a  vertical 
position,  in  which  is  a  slender,  pointed  needle,  which  is  brought  down  to  the  surface  of 
the  mercury ;  quicksilver  being  heavier  than  the  needle,  it  is  held  above  it ;  yet,  the 
needle  being  pointed,  plunges  a  small,  but  sensible,  distance  in  the  mercury,  which  it 
invariably  does  by  the  side  of  the  glass  of  the  thermometer  tube.  This  being  the  case, 
the  needle  will  descend  to  the  lowest  degree  of  cold ;  on  the  thermometer  rising,  the 
mercury  presses  the  needle  to  the  glass,  and  rises  up  by  the  side  of  it,  instead  of 
raising  the  needle.  Four  months'  working  of  this  thermometer  has  proved  it  to 
be  a  valuable  invention.  The  instrument  must  come  into,  general  iise  amongst 
meteorologists. 

The  Solar  and  Terrestrial  Radiation  Thermometers  are  made  entirely  of  glass,  the 
scale  being  engraven  upon  the  bulb  itself.  For  thermometers  continually  exposed  to 
damp,  the  swelling  of  the  wood  and  the  obliteration  of  the  index  thereon  has  been  felt  a 
great  annoyance ;  consequently,  the  substitution  of  glass  for  wood  has  been  hailed  with 
pleasure  by  meteorologists,  independently  of  its  great  improvement  in  a  scientific  point 
of  view. 

The  white  enamel  placed  along  the  back  of  the  thermometer  tube,  an  invention  of 
Negretti  and  Zambra' s,  is  now  becoming  generally  adopted ;  the  improvement  is  at 
once  manifest  on  inspecting  two  instruments,  the  one  with  and  the  other  without  the 
enamel. 

The  Wet  and  Dry  Bulb  TItermometcr. — The  dry  bulb  is  the  ordinary  thermometer, 
and  the  wet  bulb  differs  only  in  having  the  bulb  enclosed  in  a  muslin  bag,  with  a  cotton- " 
wick  conductor  to  a  cup  of  water,  so  that  it  shall  always  be  wet  from  the  capillary  action, 
of  the  cotton  conveying  the  water  constantly  to  it.  If  the  muslin  bag  were  attached 
to  self-registering,  instead  of  ordinary  thermometers,  the  greatest  heat  and  cold  of 
the  wet  bulb  would  be  obtained — an  important  addition  to  the  meteorological  instru- 
ments, yet  one  almost  unknown.  The  muslin  and  cotton  should  be  changed  every 
month. 

JBennetfs  Photographic  Wet  and  Dry  Bulb  Thermometer  is  an  additional  evidence 
of  the  close  relationship  between  heat  and  light.  In  this  most  ingenious  contrivance 
light  is  incessantly  writing  do^vn  the  heat  of  the  air.  It  is  simply  requisite  to  place  a 
sheet  of  paper  upon  the  roller  once  a  day  in  order  to  record  every  change  in  temperature 
of  the  wet  and  dry  bulb  for  tho  twenty-four  hours.  This  is,  indeed,  a  triumph  of 
science. 

ETapozators. — Having  had  constructed  gauges  of  various  sizes,  I  am  enabled  to 
speak  with  confidence  as  to  their  working.  The  water  in  gauges  under  eight  inches  in 
diameter  becomes  too  warm,  owing  to  the  small  quantity  that  can  be  contained  in  them; 
consequentiy,  an  excess  of  evaporation  results.  There  are  two  gauges  to  bo  recom- 
mended ;  the  one  Newman's,  and  the  other  Negretti' s.  These  gauges  work  well.  New- 
man's is  a  very  convenient  and  ornamental  instrument,  having  a  graduated  glass  tube 
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It  ooDfists  of  a  short  cylinder  twelve  inches  in  diameter,  haying  connected  with  it, 
by  means  of  a  stopcock,  a  glass  tube  graduated  to  hundredths,  and  terminating  in  a 

lower  vessel,  which  will  contain  a  sufficient 
quantity  of  water  to  be  raised  by  artificial  pies- 
sure  into  the  upper  one  for  exposure  to  the 
atmosphere. 

To  use  the  apparatus,  pour  water  into  it 
imtil  it  rises  to  the  zero  in  the  glass  tube,  *h^ 
by  means  of  a  syringe  force  the  air  through  the 
tube  X  (t^ig-  4)  iiito  the  lower  vessel,  so  as  to 
raise  the  water  into  the  upper  one  to  any  height 
you  please.  Now  shut  off  the  stopcock  beneath 
to  retain  the  water  in  the  upper  vessel ;  then, 
having  exposed  the  apparatus  for  any  length  of 
time  required,  open  the  cock,  the  water  will  run 
into  the  lower  vessel,  filling  it  and  part  of  the 
glass  tube,  the  divisions  of  which  will  now  indi- 
cate the  quantity  of  water  evaporated.  N©- 
gretti's  is  the  cheaper,  being  simply  a  cylinder 
of  the  diameter  of  eight  inches,  which  fits  into 
a  wooden  box  filled  with  wet  sand ;  this  keeps 
the  outside  of  the  metal  cool,  and  prevents  that 
excessive  evaporation  which  would  result  £rom 
the  heating  of  the  metal  by  the  sun.  "Where 
the  diameter  of  the  gauge  is  large,  and  the 
water  several  inches  deep,  the  effect  of  the  sun- 
shine on  the  metal  sides  is  not  felt. 

RAin  Ganges. — There  are  several  con- 
structions, yet  none  so  good  as  Negretti  and 

Zambra's,  which  is  simple,  and  at  the  same  time  prevents  any  loss  by  evaporation, — an 

important  point,  which  has  been  too  much  overlooked.    Another  contrivance  is  that  of  a 

cylindrical  vessel  of  brass  or  zinc  (Fig.  6) ;   the  latter 

woidd  be  the  cheapest,  and  answer  all  purposes  equally 

well.     Into  this  cylinder,  a  funnel,  with  its  tube  bent,  fits 

tightly ;  the  diameter  should  be  eight  inches,  and  the  tube 

about  an  inch  in  length.     The  object  of  this  bended  tube 

is  to  prevent  evaporation  taking  place  firom  the  surface  of 

rain  collected  in  the  rain  gauge,  for  a  few  drops  of  water 

will  hermetically  seal  the  opening  firom  the  escape  of 

vapour,  and  most  frequently  the  evening  dews  will  deposit 

sufficient  moisture  for  this  purpose,  which  the  heat  of  the 

day  will  scarcely  have  time  to  dissipate  before  night  brings 

a  fresh  supply. 

The  readiest  mode  of  measuring  the  amount  deposited 

in  the  gauge,  is  by  procuring  another  cylindrical  vessel,  or  measim),  which  is  exactly 

four  inches  in  diameter,  and  four  inches  deep ;  this,  when  quite  full,  will  just  contain 

an  amount  equal  to  the  deposit  of  an  inch  of  luin  as  collected  in  the  eight-inch  gauge. 

Parts  of  an  inch  can  be  measured  by  plunging  a  rule  (Fig.  6)  i>crpcndicularly  to  the 

bottom  of  the  measure,  the  portion  wetted  by  the  water  being  the  decimal  part  of  an  inch 
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required.  Thus,  having  made  a  rule  exactly  four  inches  in  length,  and  divided  it  into 
ten  equal  parts,  and  each  division  being  subdivided  into  ten  others,  a  measure  is  obtained 
which  will  read  off  the  hundredth  of  an  inch ;  and  as  the  divi- 
sions are  tolerably  wide,  it  is  not  difficult  to  estimate  even  to 
thousandths  of  an  inch.  Thus,  for  example,  as  used  in  the 
measure,  the  rule  four  inches  long,  divided  into  100  parts, 
represents  one  inch  of  rain  fallen ;  the  score  at  twenty-five,  or 
one  inch,  represents  a  fall  of  a  quarter  of  an  inch,  and  so  on. 

SBlectzometen. — ^Atmospheric  electricity  has  been  much 
neglected  by  meteorologists ;  it  is  an  important  item  of  meteo- 
rological investigation.  There  are  several  methods  of  stud3ring 
the  subject :  the  most  simple  is  Glaisher's  electrometer,  which 
being  portable,  should  become  generally  adopted.  Where  there 
are  the  conveniences  for  having  exploring  wires,  properly  in- 
sulated, the  results  are  more  satisfactory;  and  when  this  plan  is 
adopted,  the  following  electrometers  should  be  used : — 

1.  Do  Saussure's  Electrometer,  which  consists  of  two  fine 
wires,  each  terminated  by  a  small  pith-baU,  their  expansion 
being  measured  by  a  graduated  scale. 

2.  Volta's  Electrometer,  consisting  of  two  thin  stems  of 
about  two  inches  in  length,  and  fitted  to  a  metal  rod  by  small 
rings. 

3.  Singer's  Electrometer,  consisting  of  two  slips  of  gold- 
leaf.  For  stronger  electricity,  a  pair  of  Dutch-gold  leaves 
become  a  useful  addition. 

4.  Zamboni's  Dry-pile  Electrometer.  It  is  a  single  gold- 
leaf  suspended  from  the  conducting-rod  between  two  dry  piles, 
the  negative  pole  of  the  one  and  the  positive  of  the  other 
being  uppermost.  This  shows  whether  the  electricity  is  posi- 
tive or  negative. 

For  powerful  electric  storms,  the  self-registering  apparatus 
belonging  to  the  atmospheric  recorder  is  very  useful ;  whilst  a 
mcely-arranged  electrical  bell  will  be  a  means  of  warning  the 
observer  that  his  presence  is  required  in  the  electric-room. 

The  effect  of  a  thimder-storm,  when  three  or  four  miles 
distant,  as  shown  on  these  electrometers,  is  exceedingly  interest- 
ing. It  is  not  only  possible  to  witnfess  the  instantaneous  con- 
vulsion caused  by  a  flash  of  lightning  at  least  twenty  seconds 
before  the  peal  of  thunder  occasioned  by  it  is  heard ;  but  it  is 
also  possible  to  know,  several  seconds  before  a  flash  takes 
place,  that  one  is  about  to  occur. 

The  beneficial  effects  of  electricity  on  the  vegetable  king- 
dom are  of  a  character  so  apparent,  that  any  extended  researches 

upon  the  branch  of  Meteorology  calculated  to  throw  additional  light  upon  the  subject,  is 
very  desirable. 

The  Oimbal  Vane.— This  is  a  wind-vano  exactly  balanced  and  hung  on  gimbals, 
having  vertical  fans  to  carry  it  in  the  direction  of  the  wind,  and  horizontal  fans  to 
enable  it  to  tip  «p  or  dotony  to  show  the  angle  at  which  the  air  is  blowing. 
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The  Bain  Angle  is  a  ample  contziranoe  £or  shoving  tbe  ang^  at  which  the  lain 
deaccnds.     It  consists  of  a  rod,  which  mores  along  a  graduated  aze. 

The  Distance  Measurer. — A  modification  of  the  carpenter's  mlc,  haTing  an  elevated 
eye-hole  fixed  vertically  in  the  joint,  and  a  slender  pin  screwed  vertically  on  each  kg  of 
the  rule.  The  mlc  itself  slides  on  a  gradnated  arc.  In  order  to  measure  approximately 
the  distance  of  a  peculiar  doud,  or  other  celestial  phenomenon,  from  any  fixed  object,  the 
legs  of  the  rule  arc  opened  until  one  of  the  vertical  pins  covers  the  object  tx>  be  measured, 
and  the  other  the  object  to  which  it  is  referred.  The  distance  will  be  seen  on  the 
graduated  arc. 

Ozonometer — A  chemical  contrivance  for  ascertaining  the  amount  of  ozone  in  the 
atmosphere.  Ozone  vrfis  discovered  by  Dr.  Schonbein  of  the  University  of  Bale,  in  the 
year  1848.  Test-papers  arc  hung  in  a  situation  where  there  is  a  free  current  of  air,  but 
not  in  sunshine ; — ^the  north  £bu»  of  a  thermometa--stand  is  a  convenient  sitoatioa. 
These  papers  will  remain  colourless  if  there  be  no  ozone  present,  and  will  be  more  or  less 
tinged  with  blue,  as  the  ozone  is  more  or  less  powerfiiL  A  scale  of  difiTerent  tints,  marked 
from  0  to  10,  is  furnished  with  the  test-papers,  to  which  the  slips  are  referred  after  ex- 
posiune  to  the  atmosphere,  immediately  after  immersion  in  water  fi>r  the  space  of  one 
minute. 

These  test-papers  are  made  in  the  foUowing  manner : — 

200  parts  of  distilled  water, 
10     „     of  starch, 
1     „     of  iodide  of  potassium, 

boiled  together  for  a  few  seconds,  and  then  slips  of  bibulous  paper  dipped  into  the  solu- 
tion ;  when  dry,  they  are  ready  for  use.  If  there  be  any  ozone  present  in  the  air,  it  seizes 
on  the  potassium — ^thc  blue  colour  left  being  iodide  of  fuina.  Other  teat-papers  have 
been  prepared  by  Dr.  MofEEit  of  Hawarden,  which  do  not  require  to  be  plunged  intii 
water  in  order  to  bring  out  the  proper  colour.  Dr.  Moffiit's  test-papers  must  be  kept  in 
the  dark.  They  are  placed  in  a  box,  the  bottom  of  which  is  perforated  with  holes  foi 
the  free  passage  of  air.  These  test-papers,  if  kept  in  the  dark,  will  last  for  several  years, 
retaining  the  amount  of  discoloration. 

The  Wind  Vane  should  be  so  contrived  as  to  move  with  the  least  amount  of  friction ; 
otherwise,  in  cakn  weather  the  changes  will  not  be  seen  to  take  place  in  the  direction 
of  the  wind  at  the  proi)er  time. 

The  AtmoepJterie  Recorder,  althou^  too  expensive  for  the  ordinary  meteorologist, 
still  cannot  be  passed  over  in  silence.  Having  had  one  in  work  for  a  year,  I  can  speak 
of  its  value.  Every  change  in  the  atmosphere  is  iv^tten  down  by  pencils  at  the  predse 
moment  of  occurrence.  It  is  merely  requisite  to  supply  the  cylinders  with  sufficient 
paper ;  after  which,  if  the  clock  is  occasionally  wound  up,  and  the  pencils  kept  capablo 
of  drawing  a  clearly-defined  line,  no  further  care  or  trouble  is  needed.  This  machine  is 
incessantly  writing  down  the  force  of  every  gust  of  wind,  the  extent  of  every  change  in 
its  direction,  the  commencement  and  termination  of  every  shower,  the  quantity  of  rain 
which  has  fidlen,  and  the  amount  of  evaporation  and  dectricity.  The  temperature  of 
the  air,  the  pressure  and  hygrometrieal  condition,  are  reccnrded  every  quarter  of  an  hour. 
The  discussion  of  these  records  cannot  fail  in  being  productive  of  much  good  to  meteor- 
ologists.    Mr.  Dollond  makes  this  machine. 

The  Aetinometer. — ^An  instrument  for  ascertaining  the  force  of  solar  radiation.  It 
consists  of  a  large  hollow  cylinder  of  glass,  soldered  at  one  end  to  a  thermometer  tube, 


ANEMOMETEM  AND  HYGBDMETEES.  667 

terminated  at  the  other  end  by  a  ball  drawn  out  to  a  point,  and  broken  off  so  as  to  leave 
the  end  open.  The  cylinder  is  closed  at  the  other  end.  It  is  filled  with  a  deep  blue 
liquid  (ammonio-sulphate  of  copper).  The  cylinder  is  enclosed  in  a  chamber  which  is 
blackened  on  three  sides.  This  instrument  requires  cai'cful  manipulation,  and  is  but 
little  used.  . 

Intensity  of  Light. — ^The  gauge  for  ascertaining  this  consists  of  a  long  narrow  box,  with 
a  window  at  one  end  facing  the  north.  The  box  is  painted  black  inside,  with  a  white 
belt  of  a  couple  of  inches  in  width,  graduated  up  to  100.  The  brighter  the  day,  the 
further  can  the  figures  be  seen  up  this  box. 

jTAc  Transit  Instrwnent  is  a  .useful  adcUtion.  It  has  been  well  described  by  Mr. 
Breen  in  his  treatise  on  astronomy.  A  very  close  approximation  to  correct  time  may 
be  obtained  by  the  use  of  DoUond's  Portable  Transit. 

A  good  astronomical  clock,  with  a  mercurial  pendulum,  ought  to  be  found  in  cveiy 
observatory,  and  a  good  watch  in  the  pocket  of  eveiy  observer ;  each  should  be  provided 
with  the  seconds-hand.  The  watch  in  use  here  was  supplied  by  Mr.  Bennfttt  of 
Cheapside;  it  has  performed  its  work  to  my  entire  satisfaction. 

WJiewelVs  Anemometer,  invented  by  the  Rev.  Dr.  Whcwell,  is  an  ingenious  self- 
registering  anenometer,  which  gives  the  amount  of  horizontal  movement  in  the  air.  A 
system  of  wheels  is  worked  by  windmill-sails,  according  to  the  velocity  of  the  wind ; 
and  these  carry  a  pencil,  which  is  constantly  recording  the  direction  and  velocity  of  the 
wind. 

OsW a  Anemometer  constantly  records  the  fofce  and  direction  of  the  wind,  and 
also  the  amount  of  rain.  An  admirable  invention.  Unfortunately,  such  instruments 
as  this  and  Dr.  Whewell's  are  too  expensive  for  the  majority  of  meteorological 
observers. 

The  Electrical  Observatory  at  Kew,  under  the  able  management  of  Mr.  Ronalds, 
has  become  a  most  important  meteorological  station,  being,  in  fact,  a  collection  of  all 
requisite  electrometers;  a  brief  description  of  which  will  bo  found  in  Dr.  DreVs 
**  Practical  Meteorology." 

DanieVs  Hygrometer. — ^An  instrument  for  ascertaining  from  direct  observation  the 
temperature  of  the  dew-point.  This  is  an  interesting  contrivance,  as  a  ring  of  dew  is 
precipitated  at  the  temperature  of  the  dew-point.  It  consists  of  two  glass  balls,  com- 
municating with  each  other  by  means  of  a  bent  tube.  The  one  ball  is  of  black  glass,  and 
the  other  transparent.  A  thermometer  is  fixed  with  its  bulb  within  the  blackened  ball ; 
and  as  soon  as  three-fourths  of  this  ball  is  filled  with  sulphuric  ether,  it  is  immersed.  The 
air  having  been  exhausted,  the  tube  is  hermetically  sealed.  The  transparent  baU  is 
covered  with  muslin.  A  duplicate  thermometer  for  ascertaining  the  temperature*  of  the 
air  is  attached  to  the  stem  of  the  instrument.  To  find  the  temperature  of  the  dew-point, 
all  the  ether  must  be  made  to  run  into  the  black  ball ;  ether  is  then  poured  from  a  phial 
on  the  muslin ;  this  produces  rapid  evaporation,  and  the  temperature  is  cooled  down  to 
that  of  the  dew-point ;  at  this  temperature,  a  ring  of  dew  is  formed  round  the  black 
bulb,  and  at  this  instant  the  immersed  thermometer  must  be  read  off :  rapidity  of 
observation  being  necessary,  as  the  temperature  will  continue  to  fall  below  this  point,  and 
the  ring  of  dew  also  to  increase  in  width.  In  a  few  seconds  the  ring  will  gradually 
disappear,  and  at  this  moment  the  thermometer  should  be  read  a  second  time.  The  mean 
of  the  two  readings  will  give  the  temperature  of  the  dew-point.  It  is  necessary  thattho 
ether  should  be  very  good. 

The  results  obtained  by  actual  observation  and  by  calculation  (from  the  wet  and 
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dry-bulb  thermometers)  are  very  nearly  identical,  as  the  following  illuatratiQny  taken 
to-day  at  noon  (May  17),  will  show : — 

£1/  Observation. 

Daniel's  hygrometer,  temperature  of  air 6&*'0 

Daniel's  hygrometer,  temperature  of  dew-point  when  ring  was  formed  .  48'*  1 

Daniel's  hygrometer,  temperature  of  dew-point  when  ring  disappeared  .  48'*2 

Daniers  hygrometer,  mean  temperature  of  dew-point  .         .         .  48°*1 

Daniel's  hygrometer,  temperature  of  dew-point  below  temx>erature 

of  air 7^-9 

JSi/  Calculation, 

Temperature  of  dry  bulb 66^*0 

Temporatim?  of  wet  bulb 52" -0 

Calculated  dew-point 48'*2 

Temperature  of  dew-point  below  temperature  of  air     .        .        .         ,  7°*8 

Megnaulfa  Hygrotneter. — ^Another  instrument  for  ascertaining  the  dew-point  from 
direct  observation.  It  diflfcrs  considerably  in  its  construction.  Some  meteorologists 
prefer  it  to  Daniel's  hygrometer.  Messrs.  Xegretti  and  Zambra  have  constructed  a 
modification  of  Regnault's  hygrometer,  and  from  them  it  can  be  procured  at  the  same 
price  as  that  usually  charged  for  Daniel's  hygrometer. 

ConnelVs  Hygrometer  is  a  third  instrument  for  as(!ertaining  the  dow-point  from 
observation.  In  this  the  temperature  is  lowered  to  the  dew-point  by  means  of  an  ex- 
hausting sjringc.  The  wot  and  dry  bulb  thermometer,  however,  answers  every  purpose, 
and  to  the  ordinary  observer  is  not  so  liable  to  be  incorrectly  read  off. 

The  Oyammcter  consists  of  a  flat  ring,  divided  into  53  equal  parts,  and  numbered 
from  0  to  62,  the  0  being  white,  and  52  very  dark  blue  ;  the  other  numbers  are  painted 
every  intermediate  tinge  from  nearly  white  to  deep  blue.  By  its  use  tho  colour  of  the 
sky  can  be  ascertained  by  observation. 

General  Dizections. — The  following  occasional  phenomena  require  a  few  words. 
The  most  uninstructed  obser\'er  may  give  useful  information  on  these  subjects  with 
comparatively  little  trouble  to  himself,  by  making  known  the  particular  features  desirable 
to  observe.     It  is  desirable  to  note  in 

Thunder-atonnSy  the  direction  in  which  they  move,  the  point  of  the  horizon  ia 
which  they  were  first  noticed,  and  that  in  which  they  disappeared;  tho  time  when 
thimder  was  first  and  last  heard ;  the  colour  of  the  lightning ;  the  number  of  seconds 
elapsing  after  a  flash  before  thunder  became  audible  (noted  at  different  periods  during 
the  storm's  continuance) ;  the  commencement  and  termination  of  rain ;  the  direction  of 
the  wind  before,  after,  and  during  its  continuance  ;  the  time  when  the  electrical  breeze 
springs  up  (this  is  a  peculiar  violent  breeze  noticed  in  most  thimder-storms)  ;  whether 
hail  falls ;  and  any  other  feature  that  may  appear  remarkable  or  be  deemed  desirable  to 
bo  recorded. 

Aurora  Borealis. — Its  position  amongst  the^stars,  whether  merely  alow  auroral  arch, 
or  accompanied  by  coruscations.  If  a  brilliant  display,  whether  a  cupola  or  dome  is 
formed  a  little  south  of  the  zenith ;  and  if  formed,  whether  oscillatory  among  the  stars. 
The  hour  of  its  occurrence  when  seen  as  a  diffused  light ;  if  there  be  floating  patches  of 
luminous  haze  or  cloud,  &c. 
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Solar  and  lunar  Solos. — ^When  yisible,  tho  quarter  of  the  heayens  where  they 
appeared,  and  how  long  they  remained  visible. 

Moek'Suna  and  Complicated  dreles  of  Light, — ^Their  form  and  position  with  respect 
to  the  sun  or  moon ;  whether  prismatic. 

Meteors^  or  Falling-stars, — ^Their  apparent  size,  shape,  colour,  path  amongst  the 
stars,  velocity  and  duration ;  whejther  accompanied  by  a  streak  of  light,  or  separate  frag- 
ments ;  if  large,  whether  a  streak  of  light  remained  after  the  meteor  itself  had  disap- 
peared ;  and  after  bursting,  whether  any  noise  of  explosion  be  heard — ^if  so,  how  many 
seconds  after  the  meteor  itself  had  burst ;  the  time  of  appearance,  &c.  These  observa- 
tions should  more  especially  be  attended  to  fix)m  the  6th  to  the  16th  of  August,  and  fit)m 
the  9th  to  the  14th  of  November. 

Gales  of  Wind. — Their  direction,  and  estimated  force ;  when  they  commenced  and 
terminated ;  the  height  of  the  barometer  during  its  continuance. 

Snow. — ^Note  when  it  fell,  how  deep  in  inches  on  the  ground,  and  the  form  of  tho 
snow-crystals.    To  sketch  the  crystals,  a  magnifying-glass  is  requisite. 

Mail. — The  shape  of  the  stones,  &c. 

The  times  of  breaking  up  of  long  dry  periods,  and  frosts ;  the  termination  of  rainy 
periods,  the  commencement  and  duration  of  fogs,  wind  changes,  &c. 

Solar  Eclipses. — During  their  continuance,  and  before  and  after,  record  the  tempera- 
ture in  sun  and  shade  repeatedly.  Expose  for  ten  seconds  every  five  minutes  slips  of 
Mr.  Talbot's  sensitive-paper,  to  ascertain  the  effect  of  the  diminution  of  sunlight  on 
this  paper. 

ReqLuisite  Tables  of  Reduction. — 1st.  Glaisher's  Hygrometrical  Tables  (2nd 
edition).  These  splendid  tables  enable  the  observer,  with  comparatively  little  labour,  to 
calculate  the  temperature  of  the  dew-point,  — the  elastic  force  of  vapour,  the  weight  of 
vapour  in  a  cubic  foot  of  air,  the  additional  weight  of  vapour  required  to  saturate  a 
cubic  foot  of  air,  the  degree  of  humidity ;  the  whole  amount  of  water  in  a  vertical  column 
of  tho  atmosphere ;  the  weight  of  a  cubic  foot  of  air,  and  also  to  separate  the  pressure 
due  to  vapour  from  that  due  to  the  gases,  for  any  temperature  from  lO"*  to  100°  F. 
On  page  5  there  is  also  a  table  for  reducing  the  readings  of  the  barometer  to  the  level 
of  the  sea.  Mr.  Glaisher  has  calculated  this  table  from- the  fact  determined  by  M. 
Regnault,  that  air  expands  46^  13th  part  for  every  increase  of  V  of  heat. 

2nd.  Table  of  the  Corrections  for  Temperature  to  Reduce  Observations  to  32"  P.  for 
Barometers  with  Brass  Scales,  by  J.  Glaisher,  Esq.  It  is  absolutely  requisite  to  reduce 
the  readings  of  the  barometer  to  a  certain  acknowledged  temperature,  otherwise  the 
true  pressure  of  the  air  could  not  be  ascertained;  for  it  must  be  remembered  that, 
besides  the  pressure  of  the  air  on  the  mercury,  the  mercury  itself  obeys  the  same  law 
which  is  pointed  out  to  us  by  the  thermometer,  i.e.  expands  by  heat  and  contracts  by 
cold.  Thus,  suppose  the  actual  pressure  of  the  air  to  be  stationary,  the  barometer  will 
be  seen  to  rise  or  fall,  if  there  be  an  increase  or  decrease  in  the  temperature  of  the  air. 
In  like  manner,  the  metal  scale  of  the  barometer  is  subject  to  expansion  and  contraction 
by  an  increase  of  heat  or  cold ;  and  this,  as  Mr.  Glaisher  says,  explains  the  appareni 
anomaly  that,  although  the  readings  are  said  to  be  reduced  to  32"  (or  the  freezing-point), 
the  point  of  no  correction  is  28  J°.  As  metal  bars  will  vary  in  length  with  every  degree 
of  temperature,  it  is  apparent  that  a  certain  temperature  should  be  determinjod  upon  at 
which  the  standard  imit  of  measure  must  be  referred  to. 

Now  this  temperature  has  been  fixed  at  62°  P. ;  therefore  above  62°,  as  the  metal 
will  expand,  this  will  make  the  divisions  on  the  scale  of  the  barometer  too  lai^,  and 
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eoiuoqiiently  the  barometer  will  read  lower  than  it  should  do ;  on  the  contrary,  below 
62*,  the  metal  contracting,  will  bring  the  index  dirisiona  closer  together,  and  the  baro- 
meter will  read  too  high,  unless  corrected.  Thus,  owing  to  this  cause  alone,  at  the 
temperature  of  32'  the  barometer  is  made  to  read  '009  of  an  inch  too  high. 

The  great  use  of  the  reduction  for  temperature  will  be  at  once  apparent  when  an 
example  is  given :  thus,  suppose  a  i>er8on  has  two  barometers,  one  in  a  room  heated 
ortifidally  and  the  other  as  cold  as  possible : — 

Reading  of  barometer  at  temperature  of  90"       .  =  30*200 
Correction  for  temperature         .        .        .        .  —    0'165 

Heading  corrected  for  temperature     .        .        .        30*035  inches. 

Reading  of  barometer  at  temperature  of  40*      .  =  30*066 
Correction  for  temperature        .        .        .        .  —       031 

Reading  corrected  for  temperature     .        .        .        30*035  inches. 

The  difference  *134  inch  between  the  two  readings  being  due  to  the  expansive  action 
of  heat 

These  tables  have  been  calculated  from  Schumacher's  formula,  which  is  here 
copied : — 

^  1  +  M  («  —  32°) 

z  =  reading  of  barometer. 

m  =  the  expansion  in  volume  of  mercury  for  1*  F.  =:  0*0001001. 
^  =  the  temperature  of  the  mercury  and  the  scale. 

8  =r.  the  expansion  of  the  brass  scale  in  length  for  l"*  F.  =  0*000010434  (the 
normal  temperature  being  62**). 
Thus  the  formula  becomes — 

_         0*0001001  X  (<  —  32)  —  0*000010434  X  (^  —  62) 
^^  1  +  00001001  X  (« —  32) 

3rd.  Table  of  Corrections  to  be  applied  to  Meteorological  Observations  for  Diurnal 
Range,  prepared  by  the  Counisl  of  the  British  Meteorological  Society.  These  tables  are 
of  the  utmost  importance,  as  they  enable  an  observer,  from  one,  two,  or  three  readings 
daily,  to  find  from  them  the  true  monthly  means ;  in  fact,  to  make  his  observations  represent 
a  reading  taken  every  hour  day  and  night.  Thus,  if  a  reading  of  the  barometer  is  made 
daily  at  3  a.m.  in  March,  the  mean  will  be  *023  too  low,  or,  at  11  a.m.,  'Olo  too  high. 
The  necessity  of  this  reduction  becomes  very  evident  from  hourly  readings  of  the  ther- 
mometer ;  for,  suppose  the  readings  are  made  in  June,  at  4  a.m.,  the  mean  will  be  9''-3 
too  low,  or,  if  at  2  p.m.,  8^*6  too  high. 

The  only  correction  requisite  for  the  reduction  of  meteorological  observations  not 
found  in  the  three  above-mentioned  tables  is  that  for  capillarity — ^the  capillary  action  of 
the  tube  of  a  barometer  depressing  the  mercury  by  a  quantity  inversely  proportional  to 
the  diameter  of  the  tube.  The  following  table  will  be  found  sufficient  for  this  reduction : 
it  is  copied  from  the  work  published  by  the  Committee  of  Physics  and  Meteorology  of 
the  Royal  Society : — 
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Chrreetion  to  h$  added  to  barometer  readings  for  eapUlary  action. 


Diameter  of  tube. 
Inch. 

0-60 

0-50 

0-45 

0-40 

0-35 

0-30 

0-25 

0-20 

015 

010 


Correction  for  unboiled  tubes. 
Inch. 

+  0-004 

+  0007 

0-010 

0-014 

0020 

0028 

0-040 

0060 

0088 

0-142 


Correction  for  boiled  tubes. 
Inch. 

+  0002 

0-003 

0006 

0007 

0010 

0-014 

0020 

0-029 

0-044 

0-070 


The  foUowing  reductions  for  meteorological  observations  wiU  supply  examples  of 
every  reduction  necessary : — 

Bazometez  Reductions. — ^To  find  the  mean  pressure  of  the  barometer  for  the 
month  of  February,  1856  (height  above  the  sea-level,  281  feet). 

Sum  of  all  the  readings  made  at  9  a.m.,  867640 ;  at  10  p.m.,  867528. 
Divide  the  above  by  the  number  of  observations. 


29)867640(29-918  inches. 
58 

287 
261 

•266 
261 

--i54 
29 

250 
252 


29)867528(29-915  inches. 
58 

287 
261 

•265 
261 

29 

138 
145 

— -7 


Sum  of  all  the  readings  of  the  attached  thermometer  at  9  a.m.,  13435 ;  at  10  p.m., 
13745. 


29)13435(46''-3  temp,  of  mercury. 
116 


29)13745(47°-4  temp,  of  mercury. 
116 


•183 
174 

••95 
87 


•214 
203 

•115 
116 
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Mean  piOMuip  «!  9  am.      •••••••=:  29-918 

GorrectioB  fScx'  tempentiire  of  44l**3 =  —  047 

Mem  prvasiATC  corrected  for  temperature      .        .        .        .      =  29*871 
IndexerTxir —  -002 

Hcan  pressure  further  corrDCted  for  index  error  .  29*869 

Correctioiis  for  capillarity,  the  maearj  being  boiled     .        .        -f-  002 

Correct  reading  for  9  a.ic =  29*871 

Correction  for  dinmal  range  for  Febnuuy   ....  —    008 

Approziinate  mean  pressore =r  29*863 

Mean  pressure  at  10  p.m. =  29*915 

Correction  for  temperature  of  47*4 =  —  050 

Mean  pressure  corrected  for  temperature      ....  29*865 

Index  error —    002 

Mean  pressure  further  corrected  for  index  error  .        .        .      =  29*863 
Correction  for  capillarity,  the  mercury  being  boiled     .        .        4~   ^^2 

Correct  reading  for  10  p.x. 29*865 

Correction  for  diurnal  range  for  February  ....  —    007 

Approximate  mean  pressure 29*858 

Ditto  ditto  29*863 

Sum  of  the  two  observations 2)59*721 

Adopted  mean  pressure  for  the  month  .        .        .        .      =  29*8605 

§i 
To  reduce  the  mean  pressure  of  the  month  to  the  sea-level,  the  adopted  mean  tem- 
perature of  the  air  being  36^*0,  and  tiie  cistern  of  the  barometer  281  foet,  the  adopted 
mean  pressure  29'860  inches. 

In  Table  2  of  Glaisher^s  Hygrometrical  Tables  (page  v.),  showing  the  Yolnme  of  a 
mass  of  dry  air  after  expansion  from  heat  for  each  degree  of  Fahrenheit's  scale,  it  will 
be  seen  that  a  stratum  of  air  90  feet  in  thinkneas  will  balance  a  colanm  of  mereuiy 
0*1  inch  in  height. 

The  factor  for  36=*  is  1  '008 

Multiply  this  by  90  feet  90 

feet 

90*720    =    90*7)2810(*3098ofaniiich. 
2721 

••8900 
8163 

•7370 
7256 

•114 
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Aidopted  mean  pressure  for  altitude  of  281  feet 
Correction  to  reduce  to  sea-level   . 


29*860 
+  810 


At  sca-leycl  the  mean  pressure  is 30*170  incliei. 


As  90-7 


in. 
0-1 


feet. 
;  281  :  = 


281  X  O'l 

90-7 


=  0-310 


•Another  method,  based  upon  the  theorem  of  Sir  George  Shuckburgh  and  the  calcu- 
lations of  Ecgnault,  has  boon  described  by  Dr.  Drew,  of  Southampton,  who  has  con- 
structed a  table  showing  the  height,  in  feet,  of  a  column  of  air  equiyalcnt  in  weight  to  a 
column  of  mercury  one  inch  in  height,  at  different  temperatures,  under  a  pressure  of 
thirty  inches  of  mercury.  This  table  is  copied  from  Dr.  Drew's  '*  Practical  Meteor- 
ology." 


Temp. 

Feet. 

.Temp, 

Feet, 

'  Temp, 

Feet. 

Temp, 

Feet, 

Temp. 

Feet. 

30 

8651 

40 

882-8 

60 

900-6 

60 

918-2 

70 

936-8 

31 

866-8 

41 

884-5 

61 

902-2 

61 

919-9 

71 

937-6 

32 

868-5 

42 

886-2 

62 

903-9 

62 

921-6 

72 

939-3 

33 

870-3 

43 

888-0 

63 

905-7 

63 

923-4 

73 

941-1 

34 

872-1 

44 

889-8 

64 

907-6 

64 

925-2 

74 

942-9 

35 

873-9 

45 

891-6 

65 

909-3 

66 

9270 

76 

944-7 

36 

875-7 

46 

893-4 

66 

911-1 

66 

928-8 

76 

946-6 

37 

877-6 

47 

895-2 

67 

912-2 

67 

930-6 

77 

948-3 

38 

879-3 

48 

897-0 

68 

914-7 

68 

932-4 

78 

960-1 

39 

881-1 

49 

898-8 

59 

916-6 

69 

934-1 

79 

961-8 

For  any  temperature  above  that  given  in  the  table,  the  addition  of  1-7  feet  for  every 
degree ;  and  for  any  temperature  below  that  given  in  the  table,  the  subtraction  of  1*7 
feet  for  every  degree,  will  give  the  factor  required. 

To  work  out  the  addition  required  to  reduce  to  sea  level,  let  T  represent  the  tabular 
number  opposite  the  temperature  of  the  air,  s  the  reading  of  the  barometer  at/  feet 
above  the  sea-level,  and  x  the  correction  required ;  then 

T  ^  30 

Dr.  Drew  gives  the  following  practical  example : — ^The  barometer  being  29*600 
inches,  the  temperature  being  60°,  and  the  height  above  sea^jvel  60  feet  ? 

60  29-5       ^^^.  ^.  .    , 

X  =  qjwTv  X  -oTT  =  O'OSo  correction  required. 

.-.  29-500  +  0-065  =  29-565  inches  (the  pressure  reduced  to  the  sea-level). 

Thermometer  Reductions. — ^To  find  the  mean  temperature  for  the  month  of 
December,  1855,  £rom  observations  made  at  9  a.m.  and  10  p.m.,  and  from  self-register- 
ing  thcrmometei-s. 
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Sum  of  all  tho  readings  made  at  0  am,  10916 ;  and  at  10  p.ii.  11017* 


Z1)10915{Z&*'2  mean  at  9  A.]f  i 

93  -|-  0**9  cor.  for  diurnal  range. 

161    ZB"'  1  approz.  mean  for  month. 
155 

65 

62 


3 


31)11017(35o-5  mean  at  10  p.m. 

93  -|-  C'S  correction  for  dinmal  langi). 

171     36^*0  approx.  mean  for  month. 
15o 

167 
155 


12 


Sum  of  all  the  readings  of  a  sclf-registcaing  minimum  thermometer,  9365 ;  and  maxi- 
mum thermometer,  12759. 

31)9365(  30*''2  mean  minimum  temp,  31)12759(41°'2  mean  mftxiTnTTTTi  temp. 

93    +0'''2  index  error.  124   —0'-2  index  error. 


65  30"*4  corrected  for  index  error. 


35     41°'0  corrected  for  index  error. 
31 

49 
62 

—  13 


00*4  mean  minimum  corrected. 
41*0  mean  maximum  corrected. 

2)71*4  siun  of  the  two  scries. 

35"** 7  mean  of  the  two  series. 
0*Q  correction  of  diurnal  range. 

35*7  af>proximate  mean  from  self-registering  instruments. 
36*1  approximate  mean  from  hourly  observations  at  9  a.m. 
36*0  approximate  mean  from  hourly  observations  at  10  p.ac 


3)107*8  simi  of  the  three  series. 


35°*9  adopted  moan  temperature  for  December,  1855. 

To  find  the  mean  temperature  of  tho  wet  bqlb  thermometer,  for  the  month   of 
December,  1855,  from  daily  observations  made  at  9  a.m.,  and  10  p.m. 
Sum  of  all  the  readings  at  9  a.m.,  =  10509 ;  at  10  p.m.,  =  10658. 
31)10509(    33^*9  mean  at  9  a.m.  31)10658(    34'*4  mean  at  10  p.m. 

93      +  0  '6  cor.  for  diurnal  range.  93      +  0  *2  cor.  for  diurnal  range. 


•120       34  -5  approximate  mean. 
93 

•279 
279 


'135 
124 

•US 
124 


34  *6  approximate  mean. 
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Approximate  meaa  from  observationB  made  at   9  a.m.    =  34  *5 
»  „        „  „  „     at  10  P.M.    =  34  -6 


Sum  of  tlie  series 2)69-1 

Adopted  mean,  temperature  of  the  wet  bulb  .        .  =  34* '6 


To  find  the  mean  temperature  of  evaporation. 

Adopted  moan  temperature  of  the  air  from  dry  bulb 
Adopted  mean  temporatm-e  of  the  wet  bulb 


Difference 

Adopted  mean  temperature  of  air       .        .        . 

Difference,  or  moan  temperature  of  evaporation 


=  360 

=  34-5 

r=01-6 
=  35-9 

34-4 


To  find  the  mean  temperature  of  the  dew-point,  the  mean  dry  bulb*  being  35' '8, 
and  the  mean  wet  bulb  34^*5. 

Example  1. — In  the  hygrometrical  table  for  35", 

The  dew-point  opposite  to  34"  wet  bulb  is        .        ,     32-4        .        .         32*4 
The  dew-point  opposite  to  35"  wet  bulb  is        .         .35*0 

Difference  on  the  increase  in  dew-point  for  an  in- 
crease of  1"  in  wet            ....          .2*6 
Proportional  part  of  the  increase  for  0"*5  is -|- 1*3 

Temperature  of  the  dew-point  corresponding  to  35"  dry,  and  34"-5  wet,  is        337 
In  the  fourth  column  the  decrease  of  dew-point  for  an  increase  of  1" 

in  the  dry  bulb  is  —  1"*5,  the  proportional  part  for  0*8"  is  .      —  1*2 

The  adopted tempcratureof  the  dew-point  for 35"-8dry,  and  34°*5wet,  is  :=   32*5 


Example  2. — ^To  find  the  mean  temperature  of  the  dew-point  for  the  month  of 
December,  1855,  dry  bulb  being  36"-0,  and  wet  bulb  34"-5. 
In  the  hygrometrical  table  for  36", 

The  dew-point  opposite  to  34"  wet  bulb  is        .        .31-0        .         .         31-0 
The  dew-point  opposite  to  35°  wet  bulb  is        .        .33*5 

Difference ,       2'5 

Proportional  part  of  the  increase  for  0"'5  is  .         .  .         .  +    1*2 

Mean  temperature  of  dew-point       .         .        .        .         .         .         .  =  32*2 

The  same  tables,  and  the  same  manner  of  reduction,  will  find  "  the  elastic  force  of 
vapour,"  "  the  weight  of  vapour  in  a  cubic  foot  of  air,"  "  the  additional  weight  required 
to  saturate  a  cubic  foot  of  air,"  and  the  "  degree  of  humidity."  To  render  the  tables 
clear,  one  example  of  each  will  bo  worked  out  for  a  temperature  of  36"*8  dry  bulb,  and 
3  4" -5  wet  bulb. 

•  The  hourly  readings  of  the  thermometer,  which  are  made  at  the  same  time  as  those  of  the  wet 
bulb,  are  called  the  *  dry  bulb.* 
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To  find  tho  clastic  force  of  vapour  of  the  temperatme  of  3^*8,  the  wet    buU 

being  34=*-6. 

In  tho  hygromctrical  table  for  3^, 

Inch  Inch 

The  elastic  force  of  vapour  opposite  to  84°  wet  bulb  is         .    0*184        •        0-184 

The  elastic  force  of  vapour  opposite  to  35**  wet  bulb  is         .     0*204 

Difference,  or  the  increase  for  an  increase  of  V  in  wet         .    0*020 

Proportional  part  of  the  increase  for  0°'o  is  ....  .     +  0*010 

Elastic  force  of  vapour  corresponding  to  35*  dry,  and  34°*6  wet  is           .  0*190 

In  the  6th  column,  tho  decrease  of  the  clastic  force  of  vapour  for  an  in- 
crease of  1**  in  the  dry  bulb,  is  —  0*010 ;  the  proportional  part 
forO'-Sis —0*008 

Mean  clastic  force  of  vapour       . =r  0*182 

To  find  the  whole  amount  of  water  in  a  vertical  colunm  of  the  atmosplieie,  i.e.  £rom 
the  surface  of  the  earth  to  the  top  of  the  atmosphere. 

This  is  found  by  multiplying  the  clastic  force  of  vapour  by  the  constant  1383. 

1383  constant  * 

182 

2766 
11064 
1383 

2-61706  inches. 
Thus  the  whole  amount  of  water  in  a  vertical  column  of  the  atmosphere,  if  precipi- 
tated on  the  earth  at  one  time,  would  be  in  this  instance  2*5  or  2J  inches. 

To  find  the  weight  of  vapour  in  a  cubic  foot  of  air. 

In  the  hygromctrical  table  for  35", 

The  weight  of  vapour  in  a  cubic  foot  of  air  opposite  34"  Grains.  Grains. 

wet  bulb  is 2*1         .,         2*1 

Tho  weight  of  vapour  in  a  cubic  foot  of  air  opposite  35* 

wet  bulb  is 2*4 

Difference,  or  the  increase  in  weight  of  vapour  for  an 

increase  of  1°  in  wet  is 0*3 

Proportional  part  of  the  increase  for  O^'S  4-0*1 

"Weight  of  vapour  in  a  cubic  foot  of  air  corresponding  to  36*  dry  and 

34^*5  wet  is 2*2 

In  tho  8th  column,  the  decrease  of  weight  of  vapour  for  an  increase  of  1* 

in  the  dry  bulb  is  0*2,  the  proportional  part  for  0''*8  is      .         .         .    —  0*2 

The  adopted  weight  of  vapour  for  35'*8  dry  and  34°*5  wet  is  .         .  2-0 

To  find  the  additional  weight  of  vapour  required  to  saturate  a  cubic  foot  A  air. 
In  the  hygromctrical  table  for  35% 
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Th©  dry  bulb  being  85''8  and  the  wet  bulb  34"*5. 

Additional  weight  of  vapour  required  to  saturate  a  cubic    Grain.  Grain. 

foot  of  air  opposite  34"  wet  bulb  is  .        .        .        .03        .        .        0*3 
Additional  weight  of  vapour  required  to  saturate  a  cubic 

foot  of  air  opposite  35'  wet  bulb  is  .        .        .        .0*0 

Diffei'enoe,  or  the  decrease  in  amount  required  to  saturate 

a  cubic  foot  of  air  for  an  increase  in  1*"  in  wet  bulb  is     0*3 
Proportional  part  of  the  decrease  for  0°-5 — 0*2 

Additional  weight  of  vapour  required  to  saturate  a  cubic  foot  of  air  cor- 
responding to  35^*  dry  and  34°*5  wet  is =:  0*1 

In  the  10th  column,  the  increase  in  the  weight  of  vapour  required  to 
satmrate  a  cubic  foot  of  air  for  an  increase  in  V  dry  is  -|-  0*3,  the 
proportional  part  for  0°*8  is +0*2 

The  adopted  additional  weight  of  vapour  required  to  saturate  a  cubic  foot 

of  air  for  35^-8  dry  and  34°-6  wet  is =0-3 

To  find  the  degree  of  humidity,  the  temperature  being  36°-8  and  the  wet  bulb  oi^'5, 
complete  saturation  =  100. 

In  the  hygrometrical  table  for  35°. 

Degree  of  himiidity  opposite  34**  wet  bulb  is  .         .        .90        .         .         90 

Degree  of  humidity  opposite  35"  wet  bulb  is  .         .         .     100 

DiiFerence,  or  the  increase  of  humidity  for  an  increase  of 

Pin  wet  is .10 

Proportional  part  of  the  increase  for  0°-o  is +  ^ 

Degree  of  humidity  corresponding  to  35"  dry  and  34"*5  wet  is         .         .         95 
In  the  12th  column,  the  increase  in  the  degree  of  humidity  for  an  increase 

of  1"  in  the  dry  bulb  is  9,  the  proportional  part  for  0^*8  is  .         .     —  7 

Adopted  degree  of  humidity  for  35"-8  dry  and  34°-5  wet  is      .        .        .   =  88 

To  find  the  weight  of  a  cubic  foot  of  air,  the  mean  pressure  of  the  barometer  being 
29-742  inches,  dry  bulb  35''-8,  and  wet  bulb  34"-5. 
In  the  hygrometrical  table  for  35°. 
In  column  13,  the  weight  of  a  cubic  foot  of  air  (the  barometer  being    Graina. 

29*0  inches)  opposite  34"  wet  is 643'4 

In  column  14,  the  decrease  of  weight  for  an  increase  of  V  in  dry  is  —  I'^'l, 

the  proportional  part  for  0"-8  is —  0*9 

542-5 
In  column  14,  the  increase  of  weight  for  an  increase  in  the  reading  of 

the  barometer  for  one  inch  is  -|-  IS'^'T  grains. 
Opposite  7  in  the  table,  under  IS'^  in  last  column,  is     ...         .        13-1 
Opposite  '04  in  the  table,  in  right-hand  comer  of  the  page,  is         .         .         0*7 

The  adopted  weight  of  a  cubic  foot  01  au:  IS   ...  .        .     656'5 
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To  find  the  mean  prcwure  of  dry  tir,  or  thtt  doe  to  tiie  gum  when  aepanitod  firom 
tlie  water  contained  in  the  air. 

Subtract  the  adopted  elastic  force  of  rapour  (which  is  the  preasaze  of  the  water 
contained  in  the  air)  from  the  adopted  pressure  of  the  barometer. 

Example. — ^If  the  mean  pressure  of  barometer  is    .        .        .  =:  29*742  inches, 
And  the  elastic  force  of  Yai>our  is    *     .        .        .  =:    0'186  inch. 

The  pressure  of  dry  air  (of  that  due  to  the  gases)  will  be        .  =:  29*656  inches. 


To  find  the  monthly  range  of  temperature,  &c.,  deduct  the  coldest  temperature  from 
the  hottest,  observed  during  the  month.     Thus — 

Hottest  temperature 50***8 

Coldest  temperature 12'**0 

Monthly  range  of  temperature      .        •        .        38°*8 


To  find  the  mean  daily  range  of  temperature,  deduct  the  mean  of  all  the  readings  of 
the  minimum  thermometer  from  the  mean  of  all  the  readings  of  the  TnaTimi^m  ther- 
mometer. 

Mean  maximum  temperature         .         .        .        41^*0 
Mean  minimum  temperature         .        .        .         30°*4 

Mean  daily  range  of  temperature  .        •        .  =:  1C°*6 


To  find  the  amount  of  terrestrial  radiation,  deduct  the  reading  of  a  minimnTn  ther- 
mometer placed  on  the  grass  from  that  of  a  minimum  thermometer  plaoed  four  feet 
above  the  grass.    Thus — 

Greatest  cold  four  feet  above  the  grass  .        .        d&*'5 
Greatest  cold  on  the  grass     ....        2r*8 

Amount  of  terrestrial  radiation     .        •        .  =r    S°*7 


To  find  the  amount  of  solar  radiation,  deduct  the  reading  of  a  mAyim^Tn  ther- 
mometer (with  a  blackened  bulb)  placed  in  full  sunshine  from  the  greatest  heat  in  shade. 
Thus- 
Greatest  heat  in  sunshine      .         .        .         .  =r  69**8 
Greatest  heat  in  shade =  34***1 

Amount  of  solar  radiation     ....        25°'2 


To  find  the  greatest  heat  and  greatest  cold  of  the  wet  bulb  thermometer.  This  is 
obtained  by  attaching  the  muslin  and  cotton  conductor  to  ^(/'-r^w^mM^  thenoometexs, 
instead  of  to  the  ordinary  thermometer.     Thus — 


Greatest  cold  of  dry  bulb     .     3^°'0 
Greatest  cold  of  wet  bulb    .    32''-5 

Biflcrence  .  °-6 


Greatest  heat  of  dry  bulb     ,     46*"7 
Greatest  heat  of  wet  bulb    .     42°*8 

Difierenoe  ....      a^"9 


CLASSIFICATION   OF  CLOrDS. 


579 


To  find  the  range  of  temperature  of  the  wot  bulb  thermometer,  deduct  the  greatest 
heat  from  the  greatest  cold  recorded.    Thus — 

Greatest  heat 42^-8 

Greatest  cold 32^-5 

Range  of  wet       ...*...        10°'3 


To  find  the  mean  amount  of  cloud. 

This,  by  practice,  is  accomplished  very  accurately  by  estimation,  10  being  considered 
an  overcast  sky  and  0  a  cloudless  sky.  It  must  be  remembered,  in  making  the  estimate, 
that,  with  a  partially  covered  sky,  the  forms  of  the  clouds,  and  the  space  they  cover, 
are  only  correctly  seen  in  the  zenith ;  the  nearer  the  horizon  we  approach,  the  more 
obliquely  do  we  look  upon  them ;  and,  consequently,  near  the  horizon  the  sky  will 
appear  to  be  more  overcast  than  it  is  in  reality.  The  observer's  judgment  should,  there- 
fore, be  more  especially  confined  to  the  upper  half  of  the  sky. 

Observations  made  at  9  a.m.  and  10  p.m.,  December,  1855. 

Sum  of  all  the  estimates  at  9  a.m.,  2158  ;  and  at  10  p.m.,  2024. 
31)2158(    6''-96  mean  at  9  a.m.  31)2024(    S'^'d  mean  at  10  p.m. 

186  —  O"*-!   cor.  for  diurnal  range.  186  +  0'**2  correction  for  diurnal  range. 


298 
279 

190 
186 


6° '86  corrected  amount. 


164 
155 


6''7  corrected  amount. 


corrected  reading  at   9  a.m.    6°*0 
corrected  reading  at  10  p.m.     6'**7 

sum  of  the  two  series    2)13'*'6 

adopted  mean  amount  of  cloud    .    .    6° '8 


Classes  of  Clonds. — ^Mr.  Irjko  Howard,  the  well-known  meteorologist,  was  the 
first  to  classify  the  clouds ;  and  these  classes  have  been  very  conveniently  abbreviated  by 
Mr.  Glaisher.     They  are — 

feathery-looking,  the  most  lofty  cloud. 

mountainous-looking. 

the  ground-doud — ^forms  at  sunset  and  disappears  at 
sunrise. 

roimded  masses,  or  woolly  tufts. 

horizontal  masses. 

an  accumulation  of  cumuli,  sometimes  fungus-shaped. 

rain-cloud. 

broken,  flying  nimbi. 

In  recording  the  class  of  clouds,  the  interest  is  increased  by  also  recording  the  direc- 
lion  in  which  the  clouds  are  moving,  the  colour  of  the  clouds,  and  their  height  and 
velocity.    The  height  may  be  conveniently  estimated  by  supposing  6  to  represent  very 


Cirrus 

= 

ci    .     . 

Cumulus 

= 

cu  .     . 

Stratus 

= 

St     .      . 

CiiTO-cimiulus 

3::; 

ci-cu    . 

Cirro-stratus 

=i: 

ci-st    . 

Cumulo-stratus 

=z 

cu-st  . 

Nimbus 

^z 

ni  .     . 

Scud 

= 

sc   .     . 
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high  clouds,  and  0  thorn  floating  along  the  ground ;  he  Telocity,  hy  mxpptmng  6  to 
represent  thoso  moying  at  the  greatest  speed,  and  0  those  motionless. 


To  find  the  amount  of  evaporation  in  rainy  weather. 

Suppose  1*000  inch  of  water  is  placed  in  the  evaiwrator,  and  that  a  rain-gauge,  of  the 
same  diameter  as  the  evaporator,  and  placed  at  the  same  level,  has  recorded  0*610  inch 
of  rain  since  last  observation,  whilst  the  evaporator  is  found  to  contain  1*444  inches. 
Then 

1*444  inches  the  amount  in  evajwrator. 
0-510  amoimt  of  rain. 


0-934  difference. 

1000  amount  of  water  placed  in  the  evaporator. 


0*066  of  an  inch  is  the  amount  due  to  evaporation. 


To  estimate  the  force  of  wind. 

Anemometers  being  expensive,  the  majority  of  meteorologists  estimate  the  wmd's 
force.  It  is  recommended  that  0  represent  a  calm  and  6  a  hurricane,  for  this  estimate 
is  easily  converted  into  lb.  pressure  on  the  square  foot;  the  square  of  the  estimate 
will  represent  the  lb.  pressure  on  the  square  foot ;  viz. — 


0 

rr: 

01b. 

1 

=: 

1 

2 

"—^ 

4 

3 

— 

9 

4 

z^ 

16 

6 

rr 

25 

6 

:zz 

36 

By  practico 

aneai 

appioiDina^QiL  \x>  ^Sqa  tcvLth  can 

ho  obtained. 

To  find  the  mean  daily  amount  of  rain.    Whole  amount  of  rain  ooUected  during  the    '■ 
month  of  December,  1855,  0-764  of  an  inch. 

31)0*764(0*025  of  an  inch  being  the  mean  daily  amount. 
62 

144 

155  : 

—  11 


To  find  the  mean  daily  amount  of  evaporation  for  December,  1855.     Whole  amount 
evaporated,  0*610  inch. 

31)0*610(0*0197 
31 

300 
279 

210 
217 

—  *  -  7       Therefore,  0*020  inch  is  the  daily  amcunt. 
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Mr.  Belyille,  in  his  Manual  of  the  Barometer,  giyes  the  following  conoise  table  of 
factors  for  deducing  the  temperature  of  the  dew-point,  from  the  temperature  of  the  air 
and  that  of  the  temperature  of  evaporation ;  this  table. originally  appeared  in  the  Green- 
ATich  Magnetical  and  Meteorological  Observations  for  1844.  The  dew-point  deduced 
in  this  manner,  is  a  close  approximation  to  that  obtained  by  Glaisher's  hygrometrical 
tables. 


Temperature. 

Factor. 

Temperature. 

Factor. 

Temperature.' 

Factor. 

28°  to  29° 

5-7 

34°  to  35° 

2-6 

56r  to  60° 

1-9 

29°  „  30° 

50 

35°  „  40° 

2-4 

60°  „  70° 

1-8 

30°  „  31° 

4-6 

•      40°  „  45° 

2-3 

70°  „  80° 

1-7 

31°  „  32° 

3-6 

45°  „  50° 

2-2 

80°  ,,85° 

1-6 

32°  „  33° 

31 

50°  „  55° 

2-1 

85°  „  90° 

'    1-8 

33°  „  34° 

2-8 

Multiply  the  difference  between  the  wet  and  dry  bulb  by  the  factor  corresponding 
to  the  temperature  of  the  dry  bulb,  and  subtract  the  product  from  the  dry  bulb,  which 
will  be  the  temperature  of  the  dew-point.  T  the  temperature,  "W  wet  bulb,  /  factor,  x 
the  product,  and  D  the  dew-point. 

T  — Wx/=a; 
and  T  —  a;  =  D. 
Thus : — ^temperature  50  and  wet  bulb  45°, 

50  —    45  =        5   * 
5  X    2-1  =  10  -5 
50  —  10-5  =  39°-5  the  dew-point. 
By  Mr.  Glaisher's  tables  this  dew-point  is  39°-7. 

Recommendations  and  Pzecantions. — ^Preserve,  as  much  as  possible,  the  con- 
tinuity of  the  observations.  It  is  desirable  not  to  change  the  positions  of  the  different 
instruments,  nor  even  to  alter  the  method  of  reading  and  registering.  As  it  is  probable 
when  two  persons  are  employed  in  taking  observations,  that  each  will  read  slightly 
different,  a  series  of  simultaneous  readings  should  be  made,  in  order  to  find  the  personal 
error  of  the  observers.  If,  from  any  cause,  the  continuity  of  the  register  should  be 
broken,  on  no  account  attempt  to  fill  the  blank  so  caused  by  estimation.  Bo  punctual 
to  the  hours  determined  upon  for  observations,  and  read  off  ike  instruments  in  the  same 
way  every  day ;  by  doing  this,  it  is  less  likely  that  an  observation  of  any  one  instru- 
ment shall  be  overlooked.  It  is  convenient  to  rule  and  mark  off  the  form  of  observation 
upon  a  slate,  to  be  transferred  to  the  observatory  book,  after  the  whole  observations  have 
been  made.  Before  calculating  the  means,  it  is  recommended  to  examine  each  column, 
to  ascertain  that  no  evident  error  of  entry  has  been  made ; — an  inch  in  the  reading  of  the 
barometer  is  a  common  error.  The  maximum  reading  of  the  thermometer  is  also  some- 
times entered  in  the  wrong  column,  being  placed  in  that  of  mim'miim  ;  and  vice  vet'sa. 
Decimal  arithmetic  should  always  be  used. 

Before  fixing  the  barometer,  it  should  be  ascertained  that  the  space  above  the  mer- 
cury is  fr«e  from  air.  Indine  the  instrument  slightly  from  its  vertical  position ;  if  the 
mercury,  in  striking  the  upper  end  of  the  tube,  produce  a  sharp  rap,  the  vacuum  is  per- 
fect; if  the  tap  be  dull,  or  not  heard,  there  wiU  be  air  above  the  TjaBt^Narj^'v'^^  ^cao^ 


582  NEWMAN'S  STANDARD  BABOKETER. 


be  driven  into  the  cistern  by  inverting  the  instrument  and  then  tapping  it  gently.  It 
the  observer  dues  not  succeed  in  producing  this  sharp  report  by  tapping,  the  instrument 
will  require  the  aid  of  the  maker.  In  fixing  the  barometer,  adjust  the  tube  vertically 
by  the  aid  of  a  plumb-lino.  In  reading  the  instrument,  place  the  eye  on  the  exact 
level  of  the  top  of  the  column  of  mercury,  so  that  each  side  of  the  ind^^  and  the  top  of 
the  column,  shall  bo  in  the  same  horizontal  plane. 

The  thermometers  should  bo  protected  from  rain ;  and  in  making  a  reading  the 
observer  should  do  it  quickly,  and  whilst  doing  so  avoid  touching,  breathing  on,  or  in 
any  way  warming  the  thermometer  by  the  near  approach  of  his  person. 

Sir  John  Hcrschel  recommends  that  every  meteorologist  should  take  an  observation 
every  hour  throughout  the  twenty-four,  on  four  stated  days  in  the  year ;  viz.  March  21, 
Juno  21,  September  21,  and  December  21,  excepting  when  one  of  these  days  occurred  on 
Sunday,  then  to  substitute  for  this  date  the  22nd.  The  observations  to  commence  at 
6  A.M.,  and  terminate  at  6  a.m.  next  morning. 

Thermometers  should  be  frequently  compared  with  a  standard  instrument,  in  order 
to  ascertain  whether  the  freezing-point  has  remained  at  the  temi>erature  as  marked  oiF 
on  the  scale.  It  is  a  well-known  fact  that  the  zero  point  moves,  ascertained  j&x)m  the 
circimistance  that  after  a  great  change  in  temperature,  the  glass  requires  a  considerable 
time  to  enable  it  to  return  to  its  normal  condition. 


Ne'wman's  Standazd  Bazometez  form  of  Eutherford's  thermometer  diffeis  in 
the  following  manner  from  that  already  described : — A  platinum  tube  is  drawn  over  a 
steel  wire,  which  is  said  to  prevent  the  index  from  fixing  by  oxidation.  Not  having 
had  this  instrument  at  work,  I  am  imable  to  speak  of  its  advantages  from  practice.  An 
improvement  has  also  just  been  accomplished  with  Ncgretti  and  Zarabra's  rain-gauge. 
I  conceived  it  was  liable  to  have  the  water  in  the  canal  surroimding  it  emptied  into 
the  graduated  glass  with  the  rain  to  be  measured.  At  my  suggestion  this  has  been 
altered;  the  canal  is  now  placed  much  lower  down  the  gauge,  and  there  seems  no 
I>ossibility  of  an  erroneous  measurement.  The  gauge  may,  therefore,  be  novr  said  to 
be  i>erfect. 

Of  late  years  two  new  barometers  have  appeared, — ^viz.  the  Aneroid  and  Burd(m*8, 
They  are  both  good  indicators  of  atmospheric  pressure,  but  cannot  take  the  place  of  a 
Standard  barometer.  In  the  first  place,  the  metal  is  influenced  by  temperature ;  and  in 
the  second,  there  is  a  chance  of  the  box  of  the  Aneroid  and  the  tube  of  tie  Burdon  losing 
their  vacuum.  As  a  household  instrument  they  are  preferred  to  the  common  wheel- 
barometer  ;  but  I  have  not  had  an  opportunity  of  testing  their  respective  merits. 

At  the  time  of  the  Great  Exhibition  of  1851,  when  the  jury  were  examining  the 
meteorological  instruments,  a  •remark  was  made  that  a  more  perfect  maximum  and 
minimum  thermometer  was  required,  both  of  which  should  be  mercurial ;  and  on  the 
counsel-medal  being  presented  to  Messrs.  Negretti  and  Zambra,  their  attention  was 
called  to  this  suggestion.  Not  many  months  had  elapsed  before  the  patent  maximum  was 
produced,  and  within  four  years  the  patent  minimum.  The  latter  was  sent  for  trial  to  a 
few  meteorologists  six  months  ago,  and  one  of  these  instruments  came  to  the  Beeston 
Observatory.  The  experiments  made  with  it  have  been  perfectly  successful ;  indeed,  so 
much  so,  as  to  have  astonished  aU  who  have  used  it.  The  ordinary  TniniTmiTn  ther- 
mometers do  not  work  imiformly  with  this  new  instrument,  owing  to  the  alcoholic 
vapoiu"  contained  in  the  upper  portion  of  their  tube,  and  which  is  more  or  less  developed 
according  to  the  temperaturo.    Two  «wah  important  improvements  have  not  taken  place 
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since  the  inyention  of  the  theimometer ;  and  it  is  crcditahle  to  them  that  hoth  should 
have  emanated  from  the  same,  persons  who  invented  the  enamelling  of  fine  tuhcs. 

Professor  C.  P.  Smyth,  the  Astronomer  Eoyal  of  Scotland,  has  caused  the  electria 
telegraph  to  work  in  mete  orology.  A  wind  dial  at  the  one  extremity  of  a  wire  is  made 
to  turn  another  simultaneously  at  the  other  extremity.  The  time  will  come  when  all 
large  towns  will  have  buildings  devoted  to  these  observations,  and  in  which  dials  will 
be  seen  in  every  direction,  some  labelled  Edinbiurgh,  others  Liverpool,  Dublin,  London, 
Paris,  York,  &c.,  and  where  the  public  will  be  enabled  to  sec  the  direction  of  the  wind  at 
the  same  instant  at  most  remote  places.  The  benefit  to  the  farmer  and  the  navigator  will 
be  great  from  such  an  arrangement.  Were  8;uch  stations  to  be  thickly  scattered  through- 
out the  country,  every  change  of  wind,  and  every  shower,  could  be  traced  and  recorded, 
and  a  knowledge  imparted,  ihe  benefit  of  which  could  not  be  sufficiently  appreciated. 

To  be  enabled  to  announce  the  approach  of  a  thunder-storm,  however,  at  a  time 
when  the  sky  is  free  from  clouds,  and  to  ascertain  its  speed  so  as  to  foretel  when  it  may 
be  expected  in  any  given  place,  would  afford  the  farmer  an  opportunity  of  so  benefiting 
by  the  information  that  he  would  gladly  pay  a  small  rote  m  order  to  take  advantage 
of  it.  The  world  is  slow  in  appreciating  any  new  invention  until  its  usefulness  is 
experienced;  let  us,  however,  hope  that  one  or  two  such  stations  may  speedily  be 
established,  and  we  venture  to  predict  that,  at  no  very  distant  period,  every  conspicuous 
eminence  will  have  its  road  statiany  to  impart  the  information  collected  at  the  principal 
establishments,  where  the  electric  wires  are  made  to  record  the  changes  as  they  ocpur. 
Our  knowledge  of  meteorology  would  then  make  rapid  advances ;  laws  of  the  weather 
would  be  unfolded ;  and  predictions  of  coming  changes,  which  are  now  mere  guesse^  as 
often  wrong  as  right,  would  be  based  upon  truth. 

It  is  a  common  expression  that  nothing  is  more  changeable  than  the  weather ;  yet 
that  all  these  changes  are  governed  by  certain  laws,  is  as  certain  as  that  gravitation 
binds  the  heavenly  bodies  together.  "Were  there  no  laws  to  keep  the  changes  within 
certain  limits,  we  should  at  one  period  experience  cold,  and  at  another  heat  so  intense, 
that  existence  would  be  intolerable ;  the  earth  would  be  deluged  with  rain,  and  anon 
parched  up  with  drought ;  the  sky  would  be  cloudy  for  months,  perhaps  years  together, 
and  then  cloudless  for  as  long  a  period ;  in  short,  the  laws  which  govern  the  weather 
keep  the  extreme  changes  within  proper  bounds. 

As  the  more  complicated  machinery  of  a  meteorological  observatory  cannot  be  ex- 
pected to  be  found  except  in  our  principal  establishments,  it  will  be  requisite  to  mention 
what  instruments  are  absolutely  necessary  for  the  ordinary  observer.    These  are — 

A  standard  barometer. 

A  wet  and  dry  bulb  thermometer. 

A  maximum  and  a  Tninimmn  ther- 
mometer. 


A  rain-gauge. 
An  evaporator. 
A  thermometer-stand. 
A  wind- vane. 


These  would  cost  &om  £17  to  £30,  according  to  which  barometer  was  selected. 
The  following  additional  instruments  are  also  desirable  (the  expense  would  be  £4  or 
£6): — The  solar  and  terrestrial  radiation  thermometers,  Glaisher's  electrometer,  an 
ozonometer,  and  an  extra  rain-gauge. 

SncnRT  Gange. — The  gauge  used  here  consists  of  a  thin  metal  cylinder,  eight  inches 
in  diameter  and  twelve  inches  deep,  graduated  upon  one  side  to  a  quarter  of  an  inch. 
This  cylinder  will  penetrate  through  the  snow,  scarcely  disturbing  it,  and  the  depth  in 
inches  is  at  once  seen.  By  carefiil  manipulation,  if  the  cylinder  is  turned  roimd,  all 
the  enclosed  snow  can  be  lifted  from  the  ground.    It  is  desirable  to  melt  ^^  \s^^;«S^^- 
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mouthed  bath,  being  previoiisly  corked  to  prevent  evaporation,  as  it  frequently  ha]7pens 
that  snow  is  blown  out  of  the  mouth  of  the  rain-gauge  before  it  has  had  time  to  melt ; 
consequently,  the  result  of  melted  snow,  as  shown  by  the  rain-gauge,  will  be  too  little 
in  amount. 

Calendar  of  H atiure. — ^Every  meteorologist  should  endeavour,  as  much  as  pos- 
sible, to  record  the  arrival  and  departure  of  migratory  birds,  the  dates  of  trees  coming 
into  and  losing  their  leaves,  the  blooming  of  plants,  the  ripening  of  fruit  and  seeds,  the 
building  of  birds' -nests,  the  first  appearance  of  various  insects,  diseases  amongst  animals 
and  plants,  the  appearance  of  abundance  or  otherwise  of  crops  of  fruit,  com,  &c.  If 
such  registers  were  extensively  kept  and  carefully  recorded,  the  effect  of  the  weather 
upon  the  animal  and  vegetable  kingdoms  would  be  well  seen.  It  is  extremely  desirablft 
that  every  precaution  should  be  taken,  in  order  that,  year  after  year,  the  same  object 
should  be  the  special  one  on  which  the  remarks  arc  based,  and  that  one  species  is  not 
mistaken  for  another.  The  following  examples  will  show  that  it  is  essential  to  use  the 
utmost  care : — 

First,  "  the  elm  is  said  to  lose  its  leaves  on  a  certain  date."  Such  an  observation  is 
useless.  It  is  requisite  to  mention  the  particular  kind  of  elm ;  thus,  the  broad-leaf  elm 
is  the  first  tree  to  become  leafless,  which  it  frequently  does  in  September ;  the  Siberian 
elm,  on  the  contrary,  will  remain  green  after  all  other  trees  have  become  leafless, — 
sometimes  it  is  in  leaf  as  late  as  December.  It  will  also  be  found  that  the  same  species, 
in  a  group  whose  boughs  touch  each  other,  will  come  into  leaf  at  different  dates.  In 
no  tree  is  this  more  strikingly  exhibited  than  in  the  beech ;  two  beeches  growing  close 
together  may  be  seen  to  vary  a  couple  of  weeks  in  their  period  of  coming  into  leaf. 
The  age  of  the  -tree  also  causes  a  difference  to  occur.  In  the  different  kinds  of  lilacs 
and  laburnums,  there  will  be  a  range  of  some  days  in  their  time  of  coming  into  bloom. 
Amongst  herbaceous  plants,  none  that  have  been  transplanted  should  be  the  objects  o{ 
record. 

In  migratory  birds,  the  swallow,  sand-martin,  and  white-martin  will  appear,  at 
Afferent  dates,  in  places  so  near  together,  that  a  flight  of  one  minute  would  enable 
them  to  reach  it.  The  swallows  are  seen  near  the  Trent  some  days  previous  to  coming 
here,  although  only  a  mile  distant.  The  cuckoo  and  the  landrail  are  invariably  heard 
earlier  in  the  season  three  or  four  miles  west  of  this  place. 

Amongst  the  observations  on  the  ripening  of  fruits,  the  strawberry  will  serve  as  an 
example :  the  variety  called  black  prince  will  be  ripe  before  Eean's  seedling,  Kean's 
seedling  before  British  Queen,  and  British  Queen  before  the  Elton  pine. 

In  entering  the  flowering  of  plants,  it  is  advisable  to  give  the  dates  when  they  first 
come  into  bloom,  as  well  as  the  dates  when  in  full  glory  of  flower,  and  when  the 
blooming  is  over. 

The  most  conspicuous  objects  should  be  entered  in  a  book,  space  being  left  which 
may  occupy  the  remarks  for  several  years.  Every  observer  who,  for  a  course  of  years, 
pursues  such  a  course  of  observation,  will  find  that  he  has  done  some  good  to  his  kind ; 
and  if  any  plan  could  be  devised  for  recording  and  bringing  together  such  a  body  of 
observations,  they  would  form  a  valuable  collection  of  facts  for  the  naturalist  and 
meteorologist  to  generalize  upon. 
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Altitudk  distance  above  the  horizon,  85. 

Corrections  for  sun's  declination,  93. 

Altitude  of  moon's  lower  limb,  94. 

Correction  for  ship's  run,  115. 

Altitude  of  moon's  centre  determined,  108. 

Corrections  for  mid  latitude  sailing,  59. 

Ambiguous  angles,  22. 

Co-secant  of  an  angle,  7. 

Amplitude  of  an  arc  of  the  horizon,  86. 

Co-sine  defined,  7. 

Apparent  time,  88. 

Co-tangents  of  an  angle,  7. 

Apparent  and  true  altitudes,  163, 

Courses,  a  line  marking  the  course  of  a  ship. 

Apparent  altitude,  87. 

37. 

Artificial  horizon  described,  114. 

Astronomical    time,   counting  twenty -four 

D 

hours  from  noon,  89. 

Daily  variation  in  time  of  moon's  transit,  103. 

Angmentation  of  the  moon's  semi-diameter. 

Day's  work  of  a  ship,  37. 

91. 

Dead  reckoning,  114. 

Axia,  an  imaginary  line  drawn  through  the 

Declination,  distance  of  a  celestial  object  from 

centre  of  an  object  deflnca,  84. 

the  equinoctial  Une,  88. 

Axis  of  the  heavens,  85. 

Definition  of  terms,  34. 

Azimuth  defined,  85. 

Determining  the  latitude  ftrom  the  meridian 

(3 

altitude  of  a  celestial  object  below  the  pole, 
106. 
Deviation  of  the  compass,  124. 

Celestial  longitude,  87. 

Celestial  latitude,  ib. 

Dip  of  the  horizon,  89. 

Celestial  meridians,  85. 

Charts,  180. 

E 

Civil  day,  midnight   o  midnight,  in  two  suc- 

Ecliptic, or  great  circle,  described  by  the  son, 

cessive  sets  of  twelve  hours,  84. 

86. 

Chronometers,  130. 

Effect  of  error  in  altitude  on  time,  132. 

Clearing  the  lunar  distance,  145. 

Equation  of  time,  88. 

Compass  disturbances,  189. 

Equator,  a  great  circle  perpendicular  to  tlie 

Compound  course,  47. 

axis,  34. 

CompuUng  the  altitude?,  134. 

Equi-angular  triangles,  10. 

Cone  of  latitude,  80. 

Equinoctial  points,  when  the  ecliptic  crosses 

Construction  of  a  course,  46. 

the  equinoctial,  86. 

Continued  rhumb  line,  68. 

Equinoctial  or  celestial  equator,  85. 

Contracted  method  of  calculation,  18. 

Errors  of  estimated  longitude  not  important, 

Corrections  for  dip  demonstrated,  90. 

99. 

Corrections  for  celestial  objects,  89. 

Examples  for  computing  altitude,  154. 

Correction  of  mean  atmospheric  refraction,  94. 

Examples  of  traverse,  70,  71. 

Experiments  on  under-currents,  78. 

Corrections  for  altitude  at  sea,  94,  96. 

Corrections  for  refraction,  91. 

F 

Corrections  for  parallax,  92. 

Figure  of  the  earth,  33. 

Corrections  for  apparent  time  at  Oreenwioh, 

Finding  time  at  seai  181. 

98. 

Finding  longitude  at  sea,  129. 
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Quadrant  described,  172. 


Badius  of  the  circle,  7. 

Bate  of  chronometers,  140. 

Bate  of  sailing,  37. 

Beductions  to  different  meridians,  93. 

Bedncing  declination  to  Greenwich  time,  100. 

Befraction,  91. 

Bevolution  of  the  meridian  line,  81. 

Bhumb  line  described,  1« 

Bight  ascension,  87. 

Bight-angled  triangles,  11. 

Botation  of  the  earth,  83,  77. 

S 

Sailing  in  currents,  72. 

Scoresby's  Researches,  190. 

Secants  of  the  angle,  7. 

Semi-diameters,  90. 

Sextant  described,  172. 

Sextant,  method  of  using,  178. 

Ship's  departure,  42. 

Ship's  reckoning  by  dead  reckoning,  164. 

Ship's  journal,  181. 

Sidereal  day,  the  tioM  occupied  in  one  rotation 

of  the  earth  on  its  axis,  88. 
Sidereal  time,  88. 
Signs  of  the  zodiac,  87. 
Sine  of  an  angle  defined,  7. 
Specimen  of  ship's  journal,  188. 
Subtended  angle  of  the  sun's  diameter  at  the 

centre  of  the  earth,  90. 


Taking  a  departure,  74. 
Tangent  of  an  angle  defined,  7. 
Theory  of  the  sextant,  176. 
Time,  subdiyision  of  the  day,  83. 
Time  Cram  altitude  of  the  sun,  134. 
Time  deduced  from  a  single  altitude,  133. 
Time  from  equal  altitudes,  138. 
Time  deduced  from  a  star,  136. 
Traverse  sailing,  47. 

Trarerses  by  mid  latitude  and  Mercator  sail- 
ing, 69. 
TraYerae  table,  its  uses,  43. 
Trigonometrical  lines  considered,  9. 
True  ahitude  of  the  moon's  eentre,  104. 


Variation  of  the  compass,  124. 

Variation  of  the  compass  from  an  azimuth,  136. 

Variation  from  observed  ampUtmde,  I2i, 

Variation  of  the  compass,  37. 

Verniers,  178. 

Vertical  droles,  85. 


Working  a  traverse,  48. 

Workman's  tables,  66. 

Wright's  table  of  meridional  parts,  68. 

Z 

Zenith,  the  point  of  the  heavens  over  the 
head,  85. 
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A4j«teient  f^the  tra^t  ferrrrnent,  »5.  .     Beei-. -ethodlf^Lri^Ta^ 

j|<ljwementiofmtinIexrek,414.  '     B^-eP.  t*W#-  114. 

AIphoMiae  tabica,  1»7.  '     ^^_'.^Z^_z!:  -^ 

.,         -  ,         T    ',    ^                     BmoealAr  ere-oieee,  3W. 

An«liiii>berorioIarcdi;»a,U^  B.-^aCT-.  eipIaatioB  of  £«=««  ia  «=:. 

AnnlBotioaof  Uiee3rtk,:i7.  7^«                              m  pci- 

A««rla«»rB«n^J^  B™«I.  05«r«torT  fcnml.  fcr  d«««ac=.- 

Jbunlar  eeupoea  of  the  son,  ^44.  „.      ^       ... 

Apkelkn,  the  poi&t  in  a  planet's  orbit,  farthest  ;                                         q 

from  the  ton,  206. 

Apogee,  the  poiat  of  a  platet'*  orbit  farthest  .     Calcc^*i««i  o^tts  of  cooiets,  *». 

dMaat  from  the  earth,  206.  Caiculated  retara  of  comets,  301. 

ApoDoaias  of  Perga,  Vji.  Cambridgt  ceOiod  of  detexminisff  dock  orar;, 

Apparent  erron  of  transit  eloek,  419.  *^^                          __^_ 

Apparent  sze  of  celestial  objecU,3C9.  Cancer,  a  ofii  of  the  aofiae,  »fi. 

Apparent  aoiar  day,  »6.  ^??***'  ^*'- 

implications  of  photograi^y  to   astroaomj.  Centre  of  forte  in  the  mn,  JCT. 

j3g,  CeBtrifBgal  force,  SS7. 

ApplkatioaofIcBMStotdcaeopes,373.  Ceres,  diseorered  by  Piaxa,  M«. 

Aqnarins,  a  sisB  of  the  zodiae,  196.  Chaldean  ihepherda,  the  fast  ■■tinm  ■mi  i^isj. 

Are  of  a  circle  described,  379.  CtaBgins  magnitnde  of  stars  174. 

Arabian  astrommiera,  196.  Changing  appearances  of  eomeCs,  iM» 

Azago'sobserrationoaHalley'seomet.Ses.  Chinese  obserratioos  on  comets^  30*. 

Aries,  a  sign  of  the  zodiac,  29S.  Cirdes,  »0. 

AxtiSeial  day,  307.  Classification  of  stars,  174. 

Asteroids,  the,  266.  (     Cteeka,  apparent  errors  U,  419L 

Attraetzre  farce  of  the  son  demonstntcd,  360.  !     Clo*  error  determined,  l»L 

AstroBomieal  day,  107.  i     Clasters  of  stars,  185. 

Astronomy  defined,  193.  :     Co^^mMtioB,  ^M. 

Astronomy,  the  resnlt  of  continncd  obserra.  j     OoJonredrtsn,  ISl. 

tion,  193.  j     Oofarca,  101. 

AstranoBieal  errors  of  antiquity,  193.  j    ?"'!"?."?**'?'  *^* 

Astronomical  eloek,  39S.  ^ 
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Completing  trangita,  410. 
Compatation  for  Polaris,  409. 
Computations  of  right  ascension,  420. 
Computations  of  star  corrections,  421. 
Component  parts  of  double  stars,  280. 
Conjunction  of  Mercury  and  Venus,  205. 
Consecutive  transits  of  Polaris,  423. 
Constellations,  their  antiquity,  294. 
Corona  and  flames  during  a  solar  eclipse,  356. 
Cosmical  rising,  206. 
Copernicus,  197. 
Copemican  system,  256. 
Correction  for  level,  403. 
Culmination,  206. 


Darkness  during  a  solar  eclipse,  55. 

D'Arrest's  comet,  807. 

Data  for  calculating  eclipses,  386. 

DecUnation,  208. 

Deductions  from  Newton's  laws,  863. 

Degrees  defined,  201. 

Determination  of  azimuthal  errors,  423. 

Density  of  the  earth,  218. 

Diameter  of  a  planet's  disc,  204. 

Defective  illumination,  446. 

Deflected  angle,  334. 

Dimensions  of  the  shadow  during  an  eclipse, 

332. 
Drew's  formula,  412. 

Drew's  method  of  finding  the  moon's  right 
ascension,  429. 

Disc  of  a  planet,  204. 

Distances  of  the  planets,  866. 

Diurnal  movement  due  to  stars,  215. 

Double  stars,  279. 

DoUand's  discovery  of  achromatic  lenses,  876. 

Dyanometers,  875. 


Kccentricitics  of  the  planets,  861. 

EcUptic,  201. 

EcUpses,  831. 

EcUpse  of  1851,  357. 

Eclipses  of  the  sun,  848. 

Earth's  equator,  281. 

Earth's  motion  in  space,  217. 

Earth's  place  in  the  system,  218. 

Effects  of  aberration,  238. 

Eflfects  of  eclipses  an  anomaly,  355. 

Effect  of  the  atmosphere,  838. 

Effects  of  refraction,  384. 

Effecto  of  planetary  perturbations  on  the  rt- 

tum  of  comets,  808. 
Egyptian  astronomers,  197. 
Elliptio  system,  365. 
Encke's  comet,  805. 


Encke's  calculations,  224. 

Equable  description  of  area,  860. 

Equation,  the  means  of  finding  parallax,  444. 

Equator,  201. 

Equatorial  intervals  of  wires,  405. 

Equatorial  instruments,  889. 

Eratosthenes  determined  the  obliquity  of  the 

ecUptio,  195. 
Error  of  collimation,  402. 
Error  of  collimation  determined  by  micrometer 

eye-piece,  418. 
Error  of  horizontality  determined,  899. 
Establishment  of  a  port,  368. 
Exact  duration  of  an  eclipse  of  the  moon 

described,  841. 


Faye's  comet,  307. 

Finder  (the)  telescope,  378. 

Figure  of  the  earth,  208. 

Flamsteed's  observatory,  391. 

Force  of  gravity  at  the  earth's  surface,  218. 

FormulsB  to  determine  the  elongation  of  a 

planet,  259. 
Formula  for  calculating  eclipses  of  the  suo, 

345. 
French  astronomers,  198. 
French  Academy  measurement  of  the  earih» 

210. 


Galileo,  197. 

Galilean  telescope,  378. 

Galvanic  registry  of  observations  deseribed, 

393. 
Oambard's  comet,  306. 
Gauging  the  heavens,  278. 
Gauss's  method  of  determining  intervals,  411. 
Geocentric  latitude,  847. 
Geocentric  zenith  distance,  445. 
Geometrical  construction  of  a  solar  eclipse,  846. 
Gemini,  346. 
Globular  nebulse,  290. 
Geographieal  charts  invented,  194. 
Geographical  construction  of  a  lunar  eclipse, 

338. 
Gravitation,  859. 
Great  circles,  201. 
Greek  astronomers,  195. 
Gregorian  telescopes,  378. 
Greenwich  observatory  founded,  193. 
Greenwich  transit  instrument,  392. 


Halley,  198. 
Halley**  comfi\^%^1. 
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Halley  obserres  aU  FUmitccd't  lUn,  199. 

Harrest  moon,  247. 

Height  of  lanar  mounUins,  250. 

Height  of  tides,  368. 

Heliacal  risine,  206. 

Herachel  on  Kepler's  latrs,  365. 

Herychel's  obserratiozis  on  Hallej's  comet 

Cape  Town,  303. 
Hers^hel's  method  of  obaerriBg,  275. 
HerKhers  nebolary  theory,  292. 
Herschel*s  gigantic  reflectoni,  274. 
Herscherg  discoTerie»,  199,  369. 
Hind's  ealculatiims  od  comets,  302. 
Hipparchos,  195. 
Horix(Hi,  262. 
Horixontal  parallax,  443. 
Horixontality  of  axis  determined,  390. 
How  to  find  the  stars,  299. 


Inelination  of  the  orbit  of  a  plsaet,  2M. 

Imperfect  transits,  40S. 

Influence  of  parallax,  44S. 

Inflveace  of  the  earth  vpoo  all  bodies  sos- 

pended  over  it,  SI9. 
iMtroments  and  their  uses,  369. 
Instruments  for  measoring  angles,  379. 
Interpolati<m  in  right  aseenaioa  of   moon's 

]iHb»42S. 


Jono  discoTered  by  Harding,  266. 
Japiter  and  the  son  compared,  365. 
JaiMter,  telescopic  appearance  ol,  267. 
Japiter,  qpots  on,  268. 
Jupiter's  disc,  263. 
JniMter,  satelites  of,  269. 
Jupiter's  ring,  269, 272. 


Kepler's  laws,  IM,  197,  223. 

Kepler's  fir»t  law  of  atsractxrc  force,  361. 

Kepler's   second  law  of  planetary  motka, 

361. 
Kepler's   third  law  Aedneed  firom  Ncwtm's 

laws,  364. 
Kepler's  discoTerr  of  elliptic  motion,  221. 


La  CaHle's  obserratioas,  19S. 

La  Cftille's  obserratiocts  at  O^e  Town,  391. 

Lalande's  cbserrations,  199. 

Laplace's  nebulanr  hTpothe«es,  293, 

Latitude  in  the  heaTcns^  213. 

Law  of  attraction,  362. 

Ldws  of  attraction  applied  to  tides,  967. 

Lenses  and  their  characlma^fics,  W 


tzamsit,  -ttS. 


Leo,  a  sign  of  the  xodiae,  396. 
Lsrerrier's  predictioasaf  the 

nos,  366. 
Libra,  a  aign  of  the  aodisc,  99 
Libration  of  tiiis  mooa,  149. 
Line  of  apsides,  221. 
Line  of  collisMtina,  991. 
Longitode,  202. 
longitude  of  nodes,  999. 
Longitude  of  perihelion,  302. 
Longitode  bj  obserratkms,  429. 
Longitude  deduced  from  hmar 
Longitudes  hj  transit  of  moi 

culminating  star,  424. 
Lunar  appearances,  24$. 
Lunar  eclipse  constmeted,  33S. 
Lunar  eclipses,  331. 
Lunar  mountains,  248. 
Lunar  precessicm,  239. 
Lunar  walled  plains,  9(9. 


Magnifying  power  of  lenses,  975. 

Magnitudes  of  the  fixed  stan,  274. 

Mars  described,  255. 

Mars,  telescopic  appeannee  o^  2&L. 

Mars,  luminoos  spots  on,  265. 

Mars  compressed  at  the  poles,  265u 

Maakeljne's  obserratioiis,  199. 

Masses  of  the  planets  compered  with  the  mass 

of  the  son,  365w 
Masses  of  the  comets,  367. 
Mean  solar  day,  206. 

Measurement  of  a  degree  of  latitude,  210. 
Measuring  the  arc  of  a  mciidiaii  ia  Fxaaec^ 

211. 
Measuring  the  acBith  distance,  983. 
Mercnrj  andTenns  in  oppositiaB,  95&. 
Meridians,  202. 
Meridian  drde,  433. 
Meridian  point,  406. 
Method  of  adjwrtiag  iustmmmta,  995. 
Method  of  determining  iaterrala,  411. 
Method  of  rednexng  and  recocdtog  traHi 

obserratioo,  420,  422. 
Methods  of  interpolatisB,  42S. 
Method  of  obsernng  edipaes,  9S7. 
Method  of  obserring  wHk  tte  traasit  cb^, 

435. 
Method  of  rfffcnnhig  panlM  of  Greemwid^ 

349. 
Method  of  fin^n^  whim  cdipae  is  greatest, 

350. 
Method  of  fladiag  tins,  414. 
Micrometers,  386. 
Microaieter  readinga  for  error  ef  coTti—tinp, 

396. 
'^CforaaeagicBieraBCter,  389. 
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Milky  way,  277. 

Mode  of  determining  the  magnitode  of  utaxwr 

274. 
Moon's  annual  equation,  24&» 
Moon's  appearance,  241 « 
Moon's  evection,  245. 
Moon  an  opaque  body,  241.. 
Moon's  occultation,  241. 
Moon's  phases,  242. 
Moon's  libration,  24S. 
Moon's  parallax,  24S. 
Moon  shines  with  reddish  light  when  eclipsed, 

334. 
Moon  and  shadow  during  an  eclipse,  332, 
Moon's  radius  constructed  by  Struve's  method, 

430. 
Moon's  variation,  245. 
Moon's  physical  appearance,  247. 
Moon's  motion  in  space,  246. 
Moon's  telescopic  appearance,  247. 
Moon's  geocentric  radius  oomputed,  428. 
Moon's  parallax  during  the  solar  eclipse  of 

1858,  348. 
Moon's  influence  on  tides,  868. 
Moon's  parallax  on  the  meridian,  444. 
Moon'a  path  in  the  heavens,  244. 
Motion  of  apsides,  195,  245. 
Movements  of  our  system  in  iiMhee,  278. 
Mounting  telescopes,  377. 
Mural  circle  described,  433. 
Multiple  stars,  281. 


Nadir  point,  202. 

Nature  of  stars,  279. 

Nature  of  comets,  308. 

Nebula  in  Andromeda,  28S. 

Nebula  in  Lyra,  289. 

Nebula  in  Orion,  287. 

Neptune  discovered,  199, 

Neptune,  272. 

Neptune  discovered  by  Gktlle,  366. 

Newton's  law  of  gravitation,  365. 

Newton's  discovery  of  gravitation,  198. 

Nodes  of  a  planet,  205. 

North  polar  constellations,  298. 

Notes  on  comets  from  871  b.c.  to  the  present 

time,  313—330. 
Number  of  stars,  275. 
North  polar  distance  of  an  object,  432. 
Nutation  of  the  earth's  axis  discovered,  194. 
Nutation  of  the  earth's  axis,  239. 


Occultation  of  stars  by  the  moon,  358. 
On  the  moon,  241. 
Occcltations,  321. 


Opposition,  2(Mk 

Olbers's  tmd  GaoM's  nefhod  allied  to  cometi, 

802. 
Optical  effects  of  brightneM,  370. 
Optical  effects  of  distance,  37(K. 
Optical  axis,  372. 
Orbits  of  comets  an  ellipae^  301» 
Orbits  of  planets,  365. 
Orbits  of  double  stars,  28U 
Oudeman*s  formula  fbr  correction  of  error, 

400. 


Pallas  discovered  by  Olbers,  266.  i 

Parabala  described,  302. 

Parallax  determined,  222. 

Parallels  of  latitude,  203. 

Parallax,  236—442. 

Perigee  the  nearest  point  of  a  planet's  orUi, 

206. 
Partial  eelipse  of  the  moon,  333. 
Perihelion  the  point  in  a  planet's  orbit  nearest 

the  sun,  206. 
Periodic  stars,  284, 
Personal  equation  in  observing,  394. 
Persian  astronomers,  196. 
Perturbations  of  the  planets,  365. 
Pisces,  a  sign  of  the  zodiac,  296. 
Phases  of  the  superior  planets,  260« 
Phenomena  observed  during  a  total  ecl^)9e» 

356. 
Physical  appearances  of  comets,  303. 
Physical  astronomy,  200. 
Physical  appearance  of  the  moon,  247. 
Physical  constitution  of  the  sun,  229. 
Plane  of  a  circle,  200. 
Plane  of  a  planet's  orbit,  204. 
Planets,  252. 

Planets  revolving  in  circular  orbits,  361. 
Poles  of  the  horizon,  203. 
Polaris,  the  pole  star,  297. 
Position  of  moon  and  shadow  daring  an  eclipse 

demonstrated,  332. 
Precession  of  the  equinoxes  discovered,  195, 

233. 
Prediction  of  solar  eclipses,  35^ 
Predictions  of  astronomers,  365. 
Prediction  of  eclipses,  335. 
Projection  by  right  ascensions  and  declina* 

tions,  351. 
Ptolemy,  196. 

Ptolemaic  system  overthrown,  194. 
Ptolemaic  system  of  cycle  and  eplcyle,  255» 
Pythagoras  founds  a  school  in  Italy,  194. 

B 

Radii  of  the  moon's  shadow  deacrl^eA^^^^* 


592 


IKDBX. 


Bed  lUniM  during  a  lokr  •elipM,  S57. 
Bflduetton  of  obNTTAtloa  with  Uue  miural  dr- 

ele,  440. 
Reflecting  teleeeopes,  SSS. 
Befraction  oppoeed  to  pandUx,  46S. 
Bepeating  circle,  880. 
Besulu  of  aetiul  measurement  on  the  figure 

of  the  earth,  218. 
BeTolations  of  moon's  nodea,  195. 
Berolutiona  of  micrometer  mieroacqpe,  489. 
Bight  ascension,  302. 
Bight  ascension  determined,  416. 
Bising  of  a  planet,  206. 
Boemer*sdi8ooyery  of  suocessire  transmission 

of  light,  194. 
Botation,  206. 

Botation  of  the  earth  on  its  axis,  214. 
Botation  of  the  earth  doubted,  285. 
Botation  of  stars  on  their  axes,  285. 
Bun  of  micrometer,  440. 
Bules  for  finding  aaimuthal  error,  404. 


Sagitarius,  a  sign  of  the  isodiao,  296. 

Saturn  and  his  ring,  199,  270. 

Soorpio,  a  sign  of  the  zodiac,  296. 

Seasons,  281. 

Sensible  horizon,  202. 

Setting  a  planet,  206. 

Shadow  of  the  earth,  209. 

Sidereal  clock,  398. 

Sidereal  day,  206. 

Sidereal  heavens,  grandeur  and  magnitude  of, 

273, 
Sidereal  year,  207. 
Sidereal  time  of  obserration,  428. 
Signs  of  the  zodiac,  201. 
Sirius,  astar  of  the  sixth  magnitude,  274. 
Southern  constellation,  297. 
South's  observations  on  stars  of  the  northern 

hemisphere,  280. 
Solar  year,  207. 
Solar  parallax,  228. 
Solar  day,  206.- 
Solar  equator,  281. 
Spirit  level  described,  888. 
Spherical  aberration,  876. 
Spherical  astronomy,  200. 
Spherical  figure  of  the  earth  demonstrated, 

209. 
Spots  on  the  sun's  disc,  227. 
Squares  of  the  velocity  of  several  planeto,  364. 
Semi-diameter  of  the  penumbra  in  an  eclipse, 

842. 
Sun's  diameter,  220. 
Sun's  disc,  225. 
Snn's  disc,  spots  on,  227. 


Sun's  distance,  2S2. 

Sun's  distance  determined  bj  truiait  of  Venus, 

199. 
Sun's  motion  in  his  orbit,  230. 
Sun's  rotation,  281. 
Stm's  velocity.  220. 

Sun,  the  source  of  heat  and  light,  219. 
Strata  of  stars,  277. 
Stations  and  retrogradations,  258. 
Stars  revolve  round  a  common  centre,  280. 
Stars  which  disappear  from  sight,  283. 
Stereographic  projection,  201. 
Struve's  method  of  determining  error  of  ool- 

limotion,  897. 


Tables  of  zenith  distance,  441. 

Taurus,  a  sign  of  the  aodiac,  296. 

Telescopes,  878. 

Telescopic  appearanoe  of  the  sun,  226. 

Telescopic  appearanoe  of  the  planeu,  263. 

Teleseopic  view  of  Venus  and  Saturn,  205. 

Temporary  stars,  their  history,  282. 

Terrestrial  longitudes  determined,  424. 

Terrestrial  longitude,  203,  211. 

Thales  of  Miletus  visits  Egypt ;  founds  the 
Ionian  school,  194. 

Theodolite  described,  885. 

Theoretical  astronomy,  200. 

Tidal  wave  in  narrow  channels,  868. 

Tides  of  the  ocean,  367. 

Tides  affected  by  change  of  moon,  8C8. 

Tides  affected  by  coasts  and  headlands,  368. 

Time  determined  by  a  small  transit  instru- 
ment, 414. 

Time  of  perihelion  passage  of  comet,  802. 

Transit  of  Venus  and  Mercury  on  the  sun's 
disk,  224. 

Transit  instrument,  891. 

Transit  observations,  417. 

Transits  recorded  in  Beichenbach's  instrument, 
415. 

Transit  drele  at  Cambridge,  Massachusetts, 
485. 

Transit  instrument  readings,  393. 

Tropic  of  Cancer,  203. 

Tycho  Brahe,  197. 

Tycho  Brahe's  system,  257. 


Uranus  and  its  satellites,  199. 
Uranus,  satellite  system  of,  272. 
Ursa  majoris,  298. 
Ursa  minor,  297. 


Variation  in  temperature,  204. 
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Variable  stars,  their  change  of  lustre,  282. 

Yarjing  brightness  of  stars,  274. 

Velocity  of  a  planet  in  its  orbit,  363. 

Venus  the  most  brilliant  of  planets,  252. 

Venus,  motions  of,  described,  253. 

Venus,  greatest  elongation  of  her  orbit,  253. 

Venus,  illuminated  disk  of,  254. 

Venus,  magnitude  of,  254. 

Venus  in  her  phases,  263. 

Vertical  planes,  886. 

Vesta  discovered  by  Olbers,  266. 

Virgo,  a  sign  of  the  zodiae,  296. 


Volcanic  appearance  of  lunar  mountains,  250. 

Z 

Zenithal  distance,  383. 

Zenith  point  perpendicular  to  the  horizon, 

444. 
Zenith  telescope,  447. 
Zenith  point  determination,  202,  438. 
Zero  points,  437. 
Zodiacal  constellations,  295. 
Zodiacal  light,  231. 
Zones,  203. 
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Abvekatiok  of  light,  509. 

Atmospheric  refraetioB,  612. 

Aberration  of  light  illustrated,  510. 

Atmospheric  refraction  and  reflectian,  520. 

Amount  of  dew  determined,  492. 

Atmospheric  recorder,  666. 

Actinometer,  the,  566. 

Atmo!>pheric  quiescence  unknown,  479. 

Accuracy  of  the  barometer  as  an  indicator  of 

Atmosphcitcal   deception    on    the    Lake   of 

height,  458. 

Geneva,  533. 

Aerial  currents  described,  481. 

Atmospheric  theories,  466. 

Aerial  currents  and  their  phenomena,  531. 

Atomic  theory,  467. 

Aerial  visions  exnlaiued  in  M.  Blot's  diagram. 

Aurora  australis  said  to  be  magnetic  storms, 

532. 

538. 

AeroUtes,  544. 

Aurora  borealis,  537. 

Air  considered  an  element  by  the  ancients. 

Aurora  produced  artificially  by  electrical  ex- 

450. 

periment,  538. 

Air-pump  experiment,  455. 

Aurora  noticed  by  Aristotle,  638. 

AUotropism,  the  existence  of  one  body  under 

Aurora  noticed  by  Pliny,  538. 

two  aspects,  452. 

Ammonia  as  an  atmospheric  agent,  451. 

B 

Analogy  between  light  and  sound,  513. 

Barometer  described,  470. 

Aneroid'K  barometer,  582. 

Barometric  imperfections,  462. 

Annual  distribution  of  rain,  500. 

Barometrical  indications,  461. 

Application  of  Oay  Lussac's  rule,  469. 

Barometer,  improvements  on,  458. 

Aqueous  vapours,  451. 

Barometric  determination  of  the  height  of  an 

Aqueous  vapour  in  the  atmosphere,  507. 

atmospheric  column,  455. 

Arago's  application  of  the  law  of  Marriotte, 

Barometric  conditions  of  a  place,  488. 

455. 

Barometric  reductions,  571. 

Aratus  on  meteorology,  449. 

Barometric  pressure,  470. 

Aristotle's  opinion  on  meteorology,  449. 

Bennett's  photographic   wet   and   dry  bulb 

Aristotle's  opinion  on  dew,  449. 

thermometer,  563. 

Atmosphere  chemically  considered,  450. 

Blot's  experiment  on  nickel,  525. 

Atmosphere  subject  to  gravitation,  467. 

Breguet's  thermometer,  476. 

Atmosphere  at  rest,  450, 

Burden's  barometer,  582. 

Atmosphere  in  motion,  460. 

Atmosphere  during  a  fall  of  snow,  602. 

C 

Atmosphere  mechanically  considered,  430. 

Calendar  of  nature,  684. 

Atmosphere  greatest  in  extent  at  the  equator. 

Calorific  effects  of  the  sun's  rays,  482. 

467. 

Capillary  action  of  gases,  461. 

Atmosphere  illimitable,  466. 

Carbonic  acid  gas  compressible  by  forty-four 

Atmosphere  as  a  ponderable  agent,  455. 

atmospheres,  454. 

Atmospheric  currents,  479. 

Carbonic  acid  as  an  atmospheric  agent,  451. 

Atmospheric  extent  affected  by  the  earth's 

Causes  of  terrestrial  magnetism,  620. 

rotation,  467. 

Central  heat  of  our  globe,  548. 

Atmospheric  decomposition  of  light,  517. 

Centigrade  scale,  474. 

Atmospheric  moisture,  488. 

Chart  of  the  gulf  stream,  551. 

Atmospheric  pressure  not  uniform,  457. 

Chemical  bearings  of  atmospheric  theories,  467. 

Atmospheric  pressure  affected  by  elevation. 

Chemical  action  of  ozone,  452. 

457» 

Chemical  constituents  of  the  atmosphere,  450. 

Atmospheric  pressure  demonstrated,  456. 

Chinese  typhoon,  602. 
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Chromatics^  512. 

Chromatic  aberration,  513. 

Cicero's  versification  of  .Theophrastas,  449. 

Cirro^umulus  a  secondary  formof  elond,  495. 

Cirro-stratus  a  ccnnpound  cloud,  495. 

Cirris,  or  first  primarj  form,  of  elouds,  495* 

Classification  of  cloadJBy  679. 

Climatology}  548. 

Climatic  effects  of  insular  sea  lerd,  548. 

Climatic  effects  of  eleyated  table  land,  548. 

Climatic  effects  of  valteys  and  mountains,  548. 

Climatic  effects  of  curreats  of  air,  549w 

Climatic  effects  of  the  oceaa,  549. 

Clouds,  495. 

Cloud  formations,  497. 

Clouds  inimical  to  dew  formations,  493. 

Cloud  vesicles  aggregated,  499. 

Clouds  stratified,  497. 

Co-efficients  of  expansion,  465. 

Cold  and  its  effects,  554. 

Cold  winds,  486. 

Coloured  light,  517. 

Comparison  of  trigonometrical  and  barometric 

measurement,  458. 
Compressibility  of  elastic  fltiids,  464. 
Composition  of  clouds,  496. 
Correspondence  between  thermometers,  479. 
Conductors  and  non-conductors  of  electricity, 

528. 
Conneirs  hygrometer,  568. 
Contrivances  for  measuring  small  divisions, 

461. 
Construction  of  hygrometers,  505. 
Conversion  of  one  scale  of  graduation  into 

another,  475. 
Corrections  for  barometic  reading,  571, 
Corrections  for  capillary,  461. 
Corrections  for  diurnal  range,  570. 
Correlation  of  heat,  electricity,  and  magnetism, 

520. 
Corrosive  character  of  ozone,  452. 
Cumulo  stratus  a  compound  cloud,  495. 
Cumulus,  or  second  primary  form  of  eloods, 

485. 
Cyanometers,  568, 


Daily  range  of  temperstares,  578. 
Dalton's  law  of  expansion  by  heat,  466. 
Dalton's  discovery  respecting  rain  drops,  490i. 
Daniel'd  hygrometer,  567. 
Daniel's  dew-point  hygrometer,  506. 
Daniel's  opinion  of  AArioan  fevers,  54ft. 
Decomposition  of  white  light,  517. 
Dew-point  hygrometers,  506. 
Deduction  of  the  dew  point,  561. 
Definition  and  derivation  of  eleetrieity,  526. 
Deflecting  power  of  magmetic  eollt,  &2S. 


Depressions  duo  to  capillarity,  462. 

Deluc's  calculation,  458. 

Demonstration  of  the  weight  of  atmosphere, 
455. 

De  Mairan's  observations  on  the  asrorft,  53d. 

De  Saussure's  electrometer,  569. 

Determining  the  weight  of  atmospherio  air, 
467. 

Determination  of  the  weight  of  rn  at  nospherio 
column,  455. 

Development  of  electricity,  526. 

Dew,  490. 

Dew  formations,  492. 

Dew  deposited  after  midnight,  403. 

Dew  plate  experiment,  491. 

Dew  the  precursor  of  rain,  493. 

Diagonal-tubed  barometer,  461. 

Diagram  illustrating  currents,  482. 

Dia-magnetism,  524. 

Discrepancies  between  the  actual  and  appa- 
rent indications  of  instruments,  464. 

Differential  thermometers,  471,  472. 

Diffusion  of  gases,  451. 

Dilation  of  a  column  of  air,  457. 

Directive  tendency  of  magnetic  needle,  524. 

Distance  measurer,  566. 

Diurnal  variation  of  moisture,  507. 

Drew's  theorum,  573. 

Drosometers  for  measuring  the  dew  point,  492. 

Dry  fogs,  494. 

Dry  seasons,  499. 

Dynamic  state  of  the  atmoephere,  450. 


Elasticity  of  the  atmosphere,  466. 

Electrical  deductions,  543. 

Electrical  generalizations,  530» 

Electrical  bodies,  527. 

Electric  states,  528. 

Electrometers,  565. 

Electric  conduction,  529. 

Elementary  clouds,  495. 

Endemic  influence  of  the  atmosphere,  454. 

Epidemic  influence  of  the  atmosphere,  458. 

Estimated  force  df  wind,  580. 

Examples  of  reading  for  temperature,  570. 

Expansion  of  iron  by  heat,  464. 

Expansion  of  mercury  under  heat,  465. 

Experiments  on  atmospherio  moisture,  489. 

Evaporators,  563. 

Evaporation,  499. 

F 

Fahrenheit's  scale,  474. 

Falling  stars,  544. 

Faraday's  discoveriet  of  the  mixture  of  gasee^ 

457. 
Fata  morgana  of  the  Calabrian  eoast,  53S. 
Fish  of  hot  and  temperate  climates,  SM. 
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Foga  considered,  494. 

Form  of  snow  flakes,  SOS. 

Formation  of  eloada,  497. 

Formation  of  dew,  491. 

Freesing  eloods,  497. 

Freezing  of  water,  554. 

Frosted  leavea  and  snow-flakes,  555. 

e 

GalTanometer,  478. 

Oases  defined,  454. 

Oaseoos  diffusion  demonstrated,  451. 

Gaseous  diffdsiTeneas,  451. 

Qaaeoos  ammonia,  451. 

Oases  of  the  atmosphere,  450. 

Gases  increased  in  Tolume  by  heat,  465. 

Gauging  the  equality  of  thermometers,  47S. 

Gay  Lussac*s  ratio  between  the  specific  gravity 

of  aqueous  vapour  and  air,  469. 
GMierating  axone,  452. 
Gimbel  rane,  565. 
Olaisher's  thermometer  stand,  5G0. 
Orabam*a  investigations  on  mixture  of  gases, 

457. 
Graduation  of  thermometers,  473. 
Graduated  scales,  461. 
Graritating  influences,  467. 
Gulf  stream  the  storm-breeder  of  the  Atlantic, 

552. 
Gulf  stream  and  its  under  currents,  550. 


Hail  in  thunder-storms,  503. 

Hail  and  its  phenomena,  503. 

Hair-hygrometer  of  Saussure,  505. 

Halos  rare  with  us,  536. 

Halley*s  suggestion,  540. 

Heat  affects  the  volume  of  matter,  403. 

Heat  a  condition  of  matter,  463. 

Heat  latent,  463. 

Heat  as  indicated  by  the  thermometer,  «479. 

Heat  a  source  of  electricity,  478. 

Heat  sensible,  468. 

Height  of  aurora  in  the  atmosphere,  538. 

Height  of  clouds,  497. 

Hoar-frost,  493. 

Honey  dew,  493. 

Horticulture  and  meteorology,  450. 

Horary  magnetic  variations,  519. 

Hot  winds,  485. 

How  to  observe  thunder-storms,  585. 

How  to  observe  the  aurora  borealis ;  solar  and 
lunar  halos ;  mock  suns ;  circles  of  light  > 
meteors ;  falling-stars ;  galesof  wind ;  snow ; 
hail;  solar  eclipses,  569. 

Hydrogen,  its  density,  451. 

Hydrostatic  principle  of  expansion,  465. 

Hygrometers,  608. 

Hjirrotoope,  505. 


Hypothesis  of  the  gulf  stream,  559. 
Uurrieanee,  484. 

I 

Ice  pieturea,  555. 

Ignis  fatuus,  or  Jack  o'Lantem,  547. 
Imponderable  atmospheric  agents,  507. 
Influence  of  wind  on  barometers,  487. 
Imperfection  of  meteorogical  instruments,  558. 
Influence  of  elevaUon  on  the  barometer,  457. 
Insulating  electrical  bodies,  529. 
Interference  of  light,  514. 
Irritating  powers  of  oaone,  453. 
Isodynamic  linea,  510. 
Isoclinic  lines,  619. 
Isogenic  lines,  619. 

L 
Land  and  sea  breezes,  482. 
Latent  heat,  463. 

Lateral  discharge  of  electricity,  542. 
Law  of  Marriotte,  454. 
Laws  of  radiant  heat,  491. 
Laws  of  gaseous  diffusion,  457. 
Laws  of  refraction,  530. 
Laws  of  luminous  reftraction,  511. 
Laws  of  developed  magnetism,  522. 
Lawson's  thermometer  stand,  557. 
Liquids  increased  in  volume  by  heat,  465. 
Leibnitz*B  opinions  on  central  heat,  548. 
Leyden  Jars,  542. 
Light  and  its  theories,  508. 
Light  gauge,  567. 
Lightning,  540. 
Lightning-conductors,  541. 
Limits  of  the  atmosphere,  466. 
Logarithmic  calculations  of  the  density  of  the 

atmosphere  at  different  elevations,  457. 
London  fogs,  494. 
Luminous  meteors,  544. 
Luminous  rays,  509. 
Luminous  waves,  515. 


Magnetie  aberration,  519. 

Magnetic  dip,  518. 

Magnetic  phenomena,  618. 

Magnetic  polarity,  521. 

Magnetic  pole,  519. 

Manufacture  of  barometers,  and  materials 

ployed,  458. 
Manufacture  of  thermometers,  473. 
Mathematical  bearings  of  atmospheric 

ries,467. 
Maximum  and  minimum  barometer,  562, 
Mean  temperature  of  dew  point,  575.    . 
Mean  corrections,  574. 
Mean  pressure  of  the  atmosphere,  456. 
Meosurement  of  luminous  waves,  516. 
,    11«aiieni«  versed  rine  of,  461. 
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Meniscoid  surface,  461,  462. 

Mercurial  expansion,  458. 

Mercury  generally  impure,  460. 

Mercurial  thermometers,  478. 

Mercurial  minimum  thermometer,  563. 

Meteoric  stones,  544. 

Meteors  and  astronomy  allied,  449. 

Meteorology  defined,  449. 

Meteorology  proper,  450. 

Meteorological  obseryations,  558. 

Meteorology  in  connection  with  chemistry, 
geology,  and  electricity,  450. 

Methods  of  determining  the  height  of  clouds, 
497. 

Method  of  reading  the  barometer,  461. 

Methods  of  observing  atmospherical  pheno- 
mena, 558. 

Methods  of  determining  atmospheric  mois- 
ture, 504. 

Methods  of  ozonizing  oxygen,  452. 

Minimum  barometer,  562. 

Mirage  attributable  to  refraction  and  reflection, 
531. 

Mixture  of  oxygen  and  hydrogen  by  experi- 
ment, 451. 

Moffat's  test-papers  for  ozonometers,  566. 

Monthly  variation  of  moisture,  507. 

Monthly  range  of  temperature,  578. 


Nature  of  shooting-stars,  545. 
Natural  approach  to  meteorology,  450. 
Negretti's  rain-gauge  described,  564. 
Negretti's  patent  maximum  thermometer,  562. 
Newman's  standard  barometer  described,  559. 
Nimbus  or  rain  cloud,  495. 
Nitrogen   compressible  by  forty-five    atmos- 
pheres, 454. 
Nitrogen  of  the  atmosphere,  450. 
Nobili's  thermoscope,  477. 
Nonius,  or  vernier  scale,  461. 


Ocean  currents,  552. 

Mediterranean  Sea,  55?,' 

Red  Sea,  558. 

Indian  Ocean,  653. 

Ocult  meteorological  emanations,  546. 
Ocult  atmospheric  causes,  452. 
Odours  of  ozone  and  the  eleotiio  spark  com- 
pared, 453. 
Odorous  effects  of  ozone,  452. 
Optical  delusions,  533. 
Origin  of  shooting-stars,  545. 
Osier's  anemometer,  567. 
Oxygen  of  the  atmosphere,  450. 
Oxydizing  powers  of  ozone,  453. 
Ozone,  how  prodnced  in  the  atmosphere,  452. 


Ozone,  discovered  by  test-paper,  453. 
Ozone  as  a  purifying  agent,  458. 
Ozonized  air,  452. 
Ozonometers,  566. 

P 

Paraselena,  537. 

Parhelia,  537. 

Peculiarities  of  rain  water,  501. 

Petit  and  Dulong's  experiment,  465. 

Phenomena  connected  with  dew,  491. 

Phenomenon  of  aerolites,  544. 

Philips'  maximum  thermometer,  562. 

Philosoptiy  of  ozone,  453. 

Physical  properties  of  gaseous  bodies,  454. 

Pluviometer,  or  rain  gauge,  499. 

Position  of  clouds,  499. 

Prismatic  colours,  372. 

Pressure  of  the  air,  558. 

Primary  forms  of  clouds,  495. 

Primary  rainbow,  535. 

Primary  atmospheric  currents,  480. 

Primary  optical  laws,  510. 

Prognostics  of  Aratus,  449. 

Process  of  weighing  atmospheric  air,  468. 

Psychrometer,  506. 

Purifying  powers  of  ozone,  453. 

B 

Radiation  and  its  principles  explained,  490. 

Rain,  499. 

Rain  angle,  566. 

Rainbows  explained  and  illustrated,  534. 

Rain-drops,  increase  in  size  by  attraction,  499. 

Rain-drops  of  the  tropics,  499. 

Rain  falls  in  Europe,  500. 

Rain  gauges,  499,  564. 

Rainless  portions  of  the  earth,  499. 

Rainy  seasons  at  the  tropics,  499. 

Rate  of  expansion  of  different  bodies  by  heat, 

464. 
Ratio  of  expansion  for  Mercury,  glass,  and 

brass,  458. 
Rays  of  light,  516. 
Reaumur's  scale,  474. 
Recommendations  and  precautions,  581. 
Refractive  aberrations  explained,  534. 
Refraction  in  the  sand  of  the  desert,  531. 
Registering  thermometers,  476. 
Reducing  mean  pressure  of  the  month  to 

sea  level,  572. 
Regnault's    experiments    between    mercury 

and  air,  479. 
Regnault's  hygrometer,  568. 
Relation  between  clouds  and  the  weather, 

495. 
Relation  of  climate  and  organic  development, 

656. 
Reverse  atm.Qs^>atstS&  «QKt«o^x^^^^* 
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Bntherford't  mcrcmial  thermometer,  5G2. 
Bntherlbrd't  itUMUrd  theraflmeter,  5tl3. 


Suetoriw's  thermometer,  471. 

Sayer't  electnnneter,  565. 

SauMore's  hair  hygrometer,  506. 

Sarart's  instrumeat  Cor  meaaaring  tooad^  515. 

Sea  and  land  hreeiea,  482. 

Sealing  the  end  of  tharmometen,  47S. 

Second  primary  fonos  of  clouda,  495. 

Secondary  rainbow,  535. 

Secondary  clouds,  495. 

SenaiUe  heat,  463. 

Self.registcring  electrometer,  563. 

Shooting-stars,  546. 

Showers  of  fishes,  501. 

Showers  of  stones,  501. 

Shower  of  the  St.  Lawrence,  544. 

Simooms  of  Lower  Egypt,  485. 

Smyth's  application  of  electric  telegraph  to 

meteorology,  583. 
Snow  gauge,  533. 
Snow  line,  502. 

Snow  and  snow  flakes,  501,  555. 
Snow  thunder-storms,  502. 
Solar  and  terrestrial  radiation  thermometers, 

563. 
Sonorous  waves,  516. 
Sound,  513. 
Storms,  434. 

Static  state  of  the  atmosphere,  450. 
Stratus,  or  third  primary  form  of  cloud,  495. 
Study  of  the  atmoq»here  and  the  weather,  450. 


Table  of  prevailing  winds,  484. 
Tempsrature  aa  element  ia  the  weight  of  air, 

470. 
Temperature  at  different  elevations,  458. 
Terrestrial  radiatkm,  588. 
Terrestrial  and  solar  radiation,  578. 
Terrestrial  magnetism,  519. 
Thermal  theoty  of  terrestrial  magnetism,  519. 
Thermal  e&pansioii,  463. 
Theory  of  shooting-stars,  545. 
Theory  of  li^tning-oondncton,  541. 
Thermometers,  470. 
Thermometrie  degrees  arbitrary,  474. 
Thermometers  and  thermometer-staads,  560. 
Thermometers  imperfect,  and  why,  470. 
Thermometer  scales,  472. 
Thermal  conditions  in  the  production  of  wind, 

480. 
Theory  of  winds,  480. 
Thand6r.«torm8,  540. 
Thunder.4ilouds,  540. 
Thunder  and  lightaingi  540. 


Theophrastns*s  writings,  449. 

Third  primary  form  of  dovda,  4M, 

Tints  of  natural  objeeiB,  517. 

ToriceUian  tube,  46S. 

Tramadoea,  484. 

Trade  winds,  481. 

Trade  winds  only  reeogniaUe  at  sea,  48S. 

Tropical  raina,  4M. 

Trovadoes,  484. 

Tubes  of  thermometers,  478. 

Twinkling  of  the  stars  the  eAet  of  refiraction, 

530. 
Typhoons,  484. 

V 
Use  of  thermometers,  478. 
Upper  and  lower  currents  ef  trade  Kinds  at 

Teneriife  and  Owrhee,  433. 


Variations  of  the  barometer  and  their  causes, 

488. 
Telocity  of  sound,  515. 
Vertiesl  clouds,  tf7. 
Vernier  scale,  461. 
Vibration  of  sound,  515. 
Vitiated  atmosphere  the  cause  of  fevers,  MS. 
Volta's  deetrometer,  565. 
Volta's  theory  in  cxpisBatiaa  of  the  aarora, 

539. 
Voltaic  electricity,  520. 
Volume  of  liquids  increased  by  heat,  465. 


Water  contained  in  a  column  of  air,  596. 

Water-^xrata,  487. 

Water  absorbs  li^t,  517. 

Weather-glass,  459. 

Weight  of  a  cubic  foot  of  air,  527. 

Weight  of  a  given  volume  of  gas,  468. 

Weight  of  100  cubic  inches  of  dry  air,  469. 

Weight  of  the  atmosphere  at  different  heightSi 
457. 

Well*8  theory  of  dew,  490. 

Westerly  winds  prevail  in  the  soathem  he- 
misphere, 483. 

Wet  and  dry  bulb  thermometer,  563. 

Wheel  barometer,  460. 

Whewell*8  anemometer,  567. 

Whirlwinds,  486. 

Winds,  480. 

Wind  from  radiation,  480. 

Winds  inimical  to  dew  formation,  493, 

Wind  produced  byoonduction,  48(U 

Wind  produced  by  convection,  480. 

Wind  vane,  566. 

Wollaston  on  limited  range  of  aianosphere, 
467. 
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Zsmbooi's  dry^iulb  electrometer,  366. 


